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Thermal  recording  system. 
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©  A  recording  system  has  a  thermal  head  (10)  having  a  plu- 
rality  of  thermal  heating  resistive  elements  aligned  in  line  and 
a  drive  circuit  for  selectively  energizing  the  thermal  heating  re- 
sistive  elements  to  record  image  data  for  one  line.  The  record- 
ing  system  also  has  a  calculator  (3)  for  calculating  supply  ener- 
gy  data  supplied  to  each  resistive  element  for  recording  one- 
line  image  data  in  accordance  with  the  one-line  image  data  and 
the  storage  energy  stored  in  each  of  the  resistive  elements  after 
the  immediately  preceding  line  is  recorded.  A  control  circuit  (9) 
controls  the  supply  energy  supplied  to  each  resistive  element 
through  drive  circuits  in  response  to  the  supply  energy  data. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  t h e r m a l  

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

A l o n g   w i t h   t he   d e v e l o p m e n t   and  p o p u l a r i t y   of  d a t a  

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

word  p r o c e s s o r s ,   r e c o r d i n g   a p p a r a t u s   have   i n c r e a s e d   i n  

i m p o r t a n c e   as  o u t p u t   t e r m i n a l   d e v i c e s .   V a r i o u s   t y p e s  
of  r e c o r d i n g   or  p r i n t i n g   a p p a r a t u s   s u c h   as  w i r e - d o t ,  

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

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

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

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

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

a  n o i s e   l e v e l   a t   t he   t i m e   of  r e c o r d i n g   is  low,   a  

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

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

i m p o s s i b l e .   F u r t h e r m o r e ,   a l o n g   w i t h   t he   d e v e l o p m e n t  

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

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

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

be  e a s i l y   a r r a n g e d   to  p e r f o r m   good  c o l o r   r e p r o d u c t i o n .  

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

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

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

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

a  n u m b e r   of  t h e r m a l   h e a t i n g   r e s i s t i v e   e l e m e n t s   a r e  

a l i g n e d   in  l i n e ,   and  t he   t h e r m a l   h e a t i n g   r e s i s t i v e  



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

a c c o r d a n c e   w i t h   a  r e c o r d i n g   s i g n a l .   T h i s   e n e r g i z i n g  

c y c l e   is  t h e n   r e p e a t e d   to  h e a t   t he   r e s i s t i v e   e l e m e n t s ,  

so  t h a t   an  ink  c a r r i e d   on  an  ink  r i b b o n   is  m e l t e d   b y  

t h e   h e a t e d   r e s i s t i v e   e l e m e n t .   The  ink  is  t h e n  

t r a n s f e r r e d   to  t h e   p a p e r   s h e e t   so  as  to  r e c o r d   a n  

image   on  t he   s h e e t .   A l t h o u g h   t he   t h e r m a l   r e c o r d i n g  

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

in  t h a t   t h e   r e c o r d e d   image   b e c o m e s   p o o r   due  to  a  h e a t  

r e t e n t i o n   or  s t o r a g e   e f f e c t   of  t he   r e s i s t i v e   e l e m e n t s  

as  t he   r e c o r d i n g   s p e e d   i n c r e a s e s .   In  o r d e r   to  i n c r e a s e  

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

c y c l e s   is  s h o r t e n e d .   When  a  r e s i s t i v e   e l e m e n t   w h i c h  

was  e n e r g i z e d   in  t he   i m m e d i a t e l y   p r e c e d i n g   e n e r g i z i n g  

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

c a n n o t   be  s u f f i c i e n t l y   l o s t .   T h e r e f o r e ,   when  t he   s a m e  

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

i n t e r v a l   a f t e r   t he   i m m e d i a t e l y   p r e c e d i n g   e n e r g i z i n g  

c y c l e ,   t he   t e m p e r a t u r e   of  t h i s   r e s i s t i v e   e l e m e n t  

c o n t i n u e s   to  i n c r e a s e .   In  t h i s   m a n n e r ,   when  t h e  

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

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

e l e m e n t s   d i f f e r   due  to  t h e i r   t h e r m a l   h i s t o r y .   When  

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

s i m u l t a n e o u s l y   e n e r g i z e d ,   a r e a s   a t   w h i c h   i n k s   a r e  

m e l t e d   d i f f e r ,   t h e r e b y   r e s u l t i n g   in  an  image   h a v i n g  

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

a r e   r e c o r d e d ,   t h e   ink  is   o f t e n   t r a n s f e r r e d   to  a  n a r r o w  

s p a c e   w h i c h   d o e s   no t   c o r r e s p o n d   to  t he   image  d a t a ,   t h u s  

d e g r a d i n g   l e g i b i l i t y .  

In  o r d e r   to  s o l v e   t h e   a b o v e   p r o b l e m ,   a  s y s t e m   i s  

p r o p o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  5 5 - 4 8 6 3 1 ,  

w h e r e i n   an  e n e r g i z i n g   t i m e   of  e a c h   t h e r m a l   h e a t i n g  

r e s i s t i v e   e l e m e n t   when  mark  d a t a   as  r e c o r d i n g   d a t a   a r e  

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

when  t he   mark  d a t a   f o l l o w s   s p a c e   d a t a .   The  e n e r g i z i n g  

t i m e   of  t he   s u b s e q u e n t   e n e r g i z i n g   c y c l e   of  a  g i v e n  



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

t w o - s t e p   m a n n e r   in  a c c o r d a n c e   w i t h   w h e t h e r   or  no t   t h e  

g i v e n   r e s i s t i v e   e l e m e n t   was  e n e r g i z e d   in  t he   i m m e d i a t e l y  

p r e c e d i n g   e n e r g i z i n g   c y c l e .   A c c o r d i n g   to  t h i s   s y s t e m ,  

t he   a b o v e   d r a w b a c k   can  be  e l i m i n a t e d   to  some  e x t e n t .  

H o w e v e r ,   in  f a c t ,   t h i s   s y s t e m   c a n n o t   e l i m i n a t e   t h e  

n o n u n i f o r m   d e n s i t y   of  t he   r e c o r d e d   image  s i n c e   t h e  

t h e r m a l   h i s t o r i e s   of  t he   r e s i s t i v e   e l e m e n t s   s t i l l  

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

r e c o r d i n g ,   due  to  i n s u f f i c i e n t   c o n t r o l l a b i l i t y .  

I t   is  an  o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

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

an  image  a t   a  s t a b l e   r e c o r d i n g   d e n s i t y .  

I t   is  a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   t o  

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

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

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

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

h i s t o r y   t h e r e o f .  

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

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

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

in  l i n e ,   and  d r i v e   c i r c u i t   means   f o r   s e l e c t i v e l y  

e n e r g i z i n g   t he   t h e r m a l   h e a t i n g   r e s i s t i v e   e l e m e n t s ,  

by  c u r r e n t   s u p p l y ,   in  a c c o r d a n c e   w i t h   image  d a t a   t o  

p r i n t   t he   image   d a t a   on  a  l i n e .   The  t h e r m a l   r e c o r d i n g  

a p p a r a t u s   has  a  c a l c u l a t i o n   c i r c u i t   means   f o r   c a l c u -  

l a t i n g ,   f rom  s t o r a g e   e n e r g y   w h i c h   w o u l d   be  s t o r e d   i n  

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

d a t a   of  one  l i n e   has   b e e n   r e c o r d e d   and  image   d a t a   o f  

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

r e s i s t i v e   e l e m e n t   to  r e c o r d   t he   image   d a t a   of  t he   n e x t  

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

a f t e r   t he   image  d a t a   of  t he   n e x t   l i n e   has   been   r e c o r d e d .  

A  c o n t r o l   c i r c u i t   means   c a u s e s   t he   d r i v e   c i r c u i t   m e a n s  

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

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



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

The  s t o r a g e   e n e r g y   d a t a   is   s t o r e d   in  a  memory  and  i s  

u s e d   f o r   c a l c u l a t i n g   t he   n e x t   s u p p l y   and  s t o r a g e   e n e r g y .  
T h i s   i n v e n t i o n   can  be  more  f u l l y   u n d e r s t o o d   f r o m  

the   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   when  t a k e n   in  c o n -  

j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  is  a  b l o c k   d i a g r a m   of  a  t h e r m a l   r e c o r d i n g  

s y s t e m   e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n ;  

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

s t o r a g e   e n e r g y   of  t he   i t h   t h e r m a l   h e a t i n g   r e s i s t i v e  

e l e m e n t   of  t h e   t h e r m a l   h e a d ;  

F i g .   3  i s   a  b l o c k   d i a g r a m   of  a  s t o r a g e   e n e r g y  

memory   shown  in  F i g .   1 ;  

F i g s .   4A  and  4B  a r e   r e s p e c t i v e l y   t i m i n g   c h a r t s  

f o r   e x p l a i n i n g   t h e   o p e r a t i o n   of  t he   s t o r a g e   e n e r g y  

memory   shown  in  F i g .   3 ;  

F i g .   5  is  a  b l o c k   d i a g r a m   of  a  s u p p l y   e n e r g y  
c o n t r o l   s e c t i o n   shown  in  F i g .   1 ;  

F i g s .   6A  and  6B  a r e   d i a g r a m s   f o r   e x p l a i n i n g   t h e  

c o n t r o l   of  t he   s u p p l y   e n e r g y ;  
F i g .   7  is   a  b l o c k   d i a g r a m   of  d r i v e   c i r c u i t s   o f  

t h e   t h e r m a l   h e a d ;   a n d  

F i g .   8  is  a  d e t a i l e d   d i a g r a m   of  one  of  t he   d r i v e  

c i r c u i t s   shown  in  F i g .   7 .  

F i g .   1  shows  t he   s c h e m a t i c   c o n f i g u r a t i o n   of  a  
t h e r m a l   r e c o r d i n g   or  p r i n t i n g   s y s t e m   e m b o d y i n g   t h e  

p r e s e n t   i n v e n t i o n .   I n p u t   image   d a t a   or  r e c o r d i n g  

d a t a   1  i s   s u p p l i e d   to  an  i n p u t   b u f f e r   2  and  is  p r o p e r l y  

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

b u f f e r   b e c o m e s   an  i n p u t   s i g n a l   4  of  a  c a l c u l a t o r   3 

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

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

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

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

s t o r e d   t h e r e i n   a f t e r   e n e r g i z a t i o n ,   in  a c c o r d a n c e   w i t h  

o u t p u t   d a t a   4  of  t he   i n p u t   b u f f e r   2  and  o u t p u t   d a t a   6 

of   a  s t o r a g e   e n e r g y   memory  5,  and  o u t p u t s   c a l c u l a t e d  



s u p p l y   e n e r g y   d a t a   7  and  s t o r a g e   e n e r g y   d a t a   8  to  a  

s u p p l y   e n e r g y   c o n t r o l   9  and  t he   s t o r a g e   e n e r g y   m e m o r y  

5,  r e s p e c t i v e l y .   The  s t o r a g e   e n e r g y   memory  5  s t o r e s  

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

f rom  t he   b e g i n n i n g   of  p r i n t i n g   up  to  t he   p r e s e n t   m o m e n t .  

S t o r a g e   e n e r g y   d a t a   6  r e a d   ou t   f rom  the   s t o r a g e   e n e r g y  

memory  5  is   s u p p l i e d   as  t he   i n p u t   s i g n a l   6  to  t h e  

c a l c u l a t o r   3.  The  s t o r a g e   e n e r g y   d a t a   s t o r e d   in  t h e  

s t o r a g e   e n e r g y   memory  5  a r e   s e q u e n t i a l l y   u p d a t e d   i n  

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

c a l c u l a t o r   3,  so  t h a t   t he   memory  5  h o l d s   t he   p r e s e n t  

s t o r a g e   e n e r g y   d a t a   of  t h e   r e s i s t i v e   e l e m e n t s .   T h e  

s u p p l y   e n e r g y   c o n t r o l   9  t e m p o r a r i l y   s t o r e s   s u p p l y  

e n e r g y   d a t a   7.  The  s u p p l y   e n e r g y   d a t a   7  is  r e a d   o u t  

in  r e s p o n s e   to  a  r e a d o u t   s i g n a l   and  is  s u p p l i e d   a s  

i n p u t   d a t a   11  to  a  t h e r m a l   head   10.  The  c i r c u i t s   o f  

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

t i m i n g   c o n t r o l l e r   12.  The  a b o v e   d e s c r i p t i o n   i l l u s t r a t e s  

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

a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n .   The  f u n c t i o n s   o f  

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

In  t h i s   e m b o d i m e n t ,   t he   s u p p l y   e n e r g y   to  b e  

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

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

d a t a   and  t he   s t o r a g e   e n e r g y   d a t a   s t o r e d   in  t he   m e m o r y  
5.  The  r e l a t i o n s h i p   b e t w e e n   t he   i n p u t   image  d a t a   a n d  

t h e   s t o r a g e   e n e r g y   d a t a   is  shown  in  F i g .   2 .  

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

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

h e a t i n g   r e s i s t i v e   e l e m e n t   of  t he   t h e r m a l   h e a d ,   t h a t  

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

r i g h t   of  t he   i t h   e l e m e n t   a r e   t he   ( i - l ) t h ,   ( i - 2 ) t h ,   . . . ,  
e l e m e n t s ,   and  t h a t   t he   t h e r m a l   h e a t i n g   r e s i s t i v e  

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

( i + l ) t h ,   ( i + 2 ) t h ,   . . . ,   e l e m e n t s .   In  t h i s   e m b o d i m e n t ,  



t h e   t h e r m a l   head   has   an  A4  w i d t h   and  c o m p r i s e s  

a  l i n e   head   of  12  d o t s / m m .   T h e r e f o r e ,   1 @  i @  2 5 9 2 .  

The  s u p p l y   e n e r g y   to  be  s u p p l i e d   to  t he   i t h   r e s i s t i v e  

e l e m e n t   is   c a l c u l a t e d   f rom  t h e   i n p u t   image  d a t a   D i ,  

D i ± 1 ,   and  Di±2  r e s p e c t i v e l y   to  t he   i t h ,   ( i ± 1 )  t h   a n d  

( i ± 2 ) t h   r e s i s t i v e   e l e m e n t s ,   and  s t o r a g e   e n e r g y   d a t a  

Q i ,   Q i ± 1  a n d   Qi±2  t h e r e o f .   S i m i l a r l y ,   t he   s t o r a g e  

e n e r g y   of  t he   i t h   r e s i s t i v e   e l e m e n t   a f t e r   e n e r g i z a t i o n  

is   c a l c u l a t e d   f rom  t h e   i n p u t   image   d a t a   Di ,   D i ± 1 ,   a n d  

Di±2  r e s p e c t i v e l y   s u p p l i e d   to   t h e   i t h ,   ( i ± l ) t h   a n d  

( i ± 2 ) t h   r e s i s t i v e   e l e m e n t s ,   and  s t o r a g e   e n e r g y   d a t a  

Qi ,   Q i ± 1  a n d   Qi±2  t h e r e o f .   The  e n e r g y   d a t a   f o r   e a c h  

r e s i s t i v e   e l e m e n t   is   r e p r e s e n t e d   by  4 - b i t   d a t a .  

F i g .   3  shows  t h e   c o n f i g u r a t i o n   of  t he   i n p u t   b u f f e r  

2  and  t he   s t o r a g e   e n e r g y   memory  5.  In  t h i s   e m b o d i m e n t ,  

t h e   image   d a t a   a r e   s t o r e d   in  an  image   memory  20.  T h e  

i m a g e   d a t a   is  r e a d   o u t   as  t h e   8 - b i t   p a r a l l e l   i n p u t  

image   s i g n a l   1  f rom  an  image   memory  20  in  r e s p o n s e   t o  

a  s i g n a l   MR  g e n e r a t e d   f rom  t h e   t i m i n g   c o n t r o l l e r   1 2 ,  

and  is   l o a d e d   i n t o   a  s h i f t   r e g i s t e r   21  in  r e s p o n s e  
to   a  s i g n a l   LD.  The  s h i f t   r e g i s t e r   21  p e r f o r m s  

p a r a l l e l - t o - s e r i a l   c o n v e r s i o n .   The  image   d a t a   1  i s  

l o a d e d   i n t o   t he   n e x t   s h i f t   r e g i s t e r   22  in  a  s e r i a l  

m a n n e r   in  r e s p o n s e   to  a  s i g n a l   SRCLK  g e n e r a t e d   a f t e r  

l o a d i n g   of  image   d a t a   i n t o   t h e   s h i f t   r e g i s t e r   21.  When 

t h e   8 - b i t   d a t a   is  r e a d   o u t   f rom  t he   s h i f t   r e g i s t e r   21  

in  r e s p o n s e   to  t he   s i g n a l   SRCLK,  t he   t i m i n g   c o n t r o l l e r  

12  s t o p s   g e n e r a t i n g   t h e   s i g n a l   SRCLK  and  s t a r t s  

g e n e r a t i n g   t h e   s i g n a l   MR  so  t h a t   t he   n e x t   image   d a t a  

is  r e a d   o u t   f rom  t h e   image   memory  20.  The  a b o v e   o p e r a -  
t i o n   is  r e p e a t e d   u n t i l   t h e   image   d a t a   c o r r e s p o n d i n g   t o  

one  l i n e   a r e   r e a d   o u t   f rom  t he   image   memory  20.  E a c h  

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

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

The  p a r a l l e l - t o - s e r i a l   c o n v e r s i o n   is   p e r f o r m e d   b y  

t h e   s h i f t   r e g i s t e r   21  to  c a l c u l a t e   t h e   s u p p l y   e n e r g y  
and  t he   s t o r a g e   e n e r g y   in  u n i t s   of  r e s i s t i v e   e l e m e n t s .  



H o w e v e r ,   w h e r e   t he   image   d a t a   is  s e r i a l l y   r e c e i v e d ,  

i t   may  be  d i r e c t l y   l o a d e d   i n t o   t he   s h i f t   r e g i s t e r   2 2 .  

The  s h i f t   r e g i s t e r   22  s e r v e s   to  e x t r a c t   t he   i m a g e  

d a t a   Di,   Di±1  and  Di±2  ( t o   be  s u p p l i e d   to  t he   c a l c u l a t o r  

3)  f rom  t he   s e r i a l   image   d a t a   t a k e n   f rom  t he   s h i f t  

r e g i s t e r   2 1 .  

In  t h i s   e m b o d i m e n t ,   as  shown  in  F i g .   2,  t he   d a t a   4 

s u p p l i e d   to  t he   c a l c u l a t o r   3  c o m p r i s e   i n p u t   image  d a t a  

to   t h e   i t h ,   ( i ± l ) t h   and  ( i ± 2 ) t h , r e s i s t i v e   e l e m e n t s .  

T h e r e f o r e ,   among  the   o u t p u t s   of  t he   s h i f t   r e g i s t e r   2 2 ,  

t h e   5 - b i t   image  d a t a   c o r r e s p o n d i n g   to  t h e   i t h ,   ( i ± l ) t h  

and  ( i ± 2 ) t h   r e s i s t i v e   e l e m e n t s   is  s u p p l i e d   to  t h e  

c a l c u l a t o r   3 .  

A  r a n d o m   a c c e s s   memory  (RAMA)  23,  l a t c h e s   2 4 ,  

25,   26,   27  and  28,  a d d e r s   29  and  30,   a  w r i t e   a d d r e s s  

c o u n t e r   31,  a  r e a d   a d d r e s s   c o u n t e r   32  and  a  s e l e c t o r  

33  c o n s t i t u t e   t he   s t o r a g e   e n e r g y   memory  5  shown  i n  

F i g .   1.  The  RAMA  23  s t o r e s   s t o r a g e   e n e r g y   d a t a   of  t h e  

r e s i s t i v e   e l e m e n t s .   A d d r e s s e s   of  t he   RAMA  23  c o r r e s p o n d  

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

h e a d .   In  t h i s   e m b o d i m e n t ,   t he   a d d r e s s   c o u n t e r s   31  a n d  

32  d e s i g n a t e   2592  a d d r e s s e s .   The  s t o r a g e   e n e r g y   d a t a  

8  c a l c u l a t e d   by  the   c a l c u l a t o r   3  has   f o u r   b i t s .   T h e  

4 - b i t   s t o r a g e   e n e r g y   d a t a   8  is   s u p p l i e d   to  a  t e r m i n a l  

DIN  of  t he   RAMA  23  and  is  w r i t t e n   at   an  a d d r e s s  

s p e c i f i e d   by  t he   w r i t e   a d d r e s s   c o u n t e r   31  in  r e s p o n s e  
to  a  s i g n a l   WR  g e n e r a t e d   f rom  t he   t i m i n g   c o n t r o l l e r   1 2 .  

When  t he   s i g n a l   WR  is  no t   s u p p l i e d   to  a  t e r m i n a l   WR  o f  

t h e   RAMA  23,  t he   4 - b i t   s t o r a g e   e n e r g y   d a t a   s t o r e d   at   t h e  

a d d r e s s   d e s i g n a t e d   by  t he   r e a d   a d d r e s s   c o u n t e r   32  i s  

r e a d   o u t   to  a  t e r m i n a l   DCUT  of  t he   RAMA  23.  Each  o f  

t h e   l a t c h e s   24  to  28  c o m p r i s e s   a  4 - b i t   l a t c h   w h i c h  

l a t c h e s   a  4 - b i t   i n p u t   s i g n a l   in  r e s p o n s e   to  a  s i g n a l  

LATCH  g e n e r a t e d   by  t he   t i m i n g   c o n t r o l l e r   12,  and  h o l d s  

the   l a t c h e d   d a t a   u n t i l   t he   n e x t   s i g n a l   LATCH  is  s u p p l i e d  

t h e r e t o .   The  l a t c h e s   24  to  28  a r e   c o n n e c t e d   in  c a s c a d e  

to  c o n s t i t u t e   a  s h i f t   r e g i s t e r   so  t h a t   4 - b i t   d a t a   i s  



s e q u e n t i a l l y   s h i f t e d   t o w a r d   t he   o u t p u t   s t a g e   e v e r y   t i m e  

t h e   s i g n a l   LATCH  is  s u p p l i e d   t h e r e t o .  

The  s t o r a g e   e n e r g y   d a t a   of  a  f i r s t   r e s i s t i v e  

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

32  is  r e a d   o u t   f rom  t h e   t e r m i n a l   Dour  of  t he   RAMA  23 

and  is  l a t c h e d   by  t he   l a t c h   24  in  r e s p o n s e   to  a  f i r s t  

LATCH  s i g n a l .   The  c o u n t   of  t he   r e a d   a d d r e s s   c o u n t e r  

32  is  i n c r e m e n t e d   by  one  in  r e s p o n s e   to  t he   f i r s t  

LATCH  s i g n a l ,   so  t h a t   t he   s t o r a g e   e n e r g y   d a t a   of  a  

s e c o n d   r e s i s t i v e   e l e m e n t   is  r e a d   o u t   f rom  t he   t e r m i n a l  

D O U T '  I n   r e s p o n s e   to  t he   n e x t   LATCH  s i g n a l ,   t he   s t o r a g e  

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

by  t h e   l a t c h   24.   At  t he   same  t i m e ,   t he   s t o r a g e   e n e r g y  
d a t a   of  t he   f i r s t   r e s i s t i v e   e l e m e n t   is  l a t c h e d   by  t h e  

l a t c h   2 5 .  

In  t h i s   m a n n e r ,   e a c h   t i m e   t h e   LATCH  s i g n a l   i s  

i s s u e d ,   t he   s t o r a g e   e n e r g y   d a t a   f rom  t he   RAMA  a r e  

s e q u e n t i a l l y   s h i f t e d .   When  t h e   s t o r a g e   e n e r g y   d a t a  

Qi  of  t he   i t h   r e s i s t i v e   e l e m e n t   is  l a t c h e d   by  t h e  

l a t c h   26,  s t o r a g e   e n e r g y   d a t a   of  t he   ( i + l ) t h ,   ( i + 2 ) t h ,  

( i - l ) t h   and  ( i - 2 ) t h   r e s i s t i v e   e l e m e n t s   a re   l a t c h e d   b y  

t h e   l a t c h e s   25,  24,  27  and  28,   r e s p e c t i v e l y .  

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

t h e   i t h   r e s i s t i v e   e l e m e n t   and  t he   s t o r a g e   e n e r g y   d a t a  

a f t e r   e n e r g i z a t i o n   t h e r e o f   a r e   c a l c u l a t e d   in  a c c o r d a n c e  

w i t h   t he   i n p u t   image  d a t a   to  t he   i t h ,   ( i ± l ) t h   a n d  

( i ± 2 ) t h   r e s i s t i v e   e l e m e n t s ,   and  w i t h   s t o r a g e   e n e r g y  
d a t a   t h e r e o f   o b t a i n e d   to  d a t e .   In  o t h e r   w o r d s ,   t h e  

s u p p l y   e n e r g y   d a t a   and  t h e   s t o r a g e   e n e r g y   d a t a   can  b e  

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

25  b i t s   ( i . e . ,   5 - b i t   d a t a   f rom  t he   s h i f t   r e g i s t e r   22  

and  t h e   2 0 - b i t   (4  b i t s   x  5)  s t o r a g e   e n e r g y   d a t a   f r o m  

t h e   l a t c h e s   24  to  2 8 ) .  

H o w e v e r ,   a  c a l c u l a t i o n   w i t h   25  b i t s   b e c o m e s  

c o m p l i c a t e d , ' s o   t h a t   t he   f o l l o w i n g   s i m p l e   o p e r a t i o n   i s  

p e r f o r m e d   in  p r a c t i c e .  

The  c a l c u l a t i o n   p r o c e s s   is  b a s e d   on  a  w e l l - k n o w n  



e q u a t i o n   of  h e a t   c o n d u c t i o n   as  f o l l o w s :  

w h e r e  

T  :   t e m p e r a t u r e  

a  :   h e a t   d i f f u s i o n   r a t i o  

q  :   h e a t   e n e r g y   p e r   u n i t   v o l u m e   and  u n i t   t i m e  

p  :  d e n s i t y  

C  :   s p e c i f i c   h e a t  

In  o r d e r   to  c o n t r o l   t he   s u p p l y   e n e r g y   f o r   t h e  

t h e r m a l   head   in  a c c o r d a n c e   w i t h   a  d i g i t a l   c a l c u l a t i o n ,  

a  s o l u t i o n   to  e q u a t i o n   (1)  m u s t   have   a  f o r m a t   w h i c h   i s  

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

Assume  t h a t   t he   p r i n t i n g   p e r i o d   is  d e f i n e d   as  a  

t i m e   i n c r e m e n t   ΔT,  and  t h a t   t he   p i t c h   of  t he   a r r a y   o f  

t h e r m a l   h e a t i n g   r e s i s t i v e   e l e m e n t s ,   t he   w i d t h   of  t h e  

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

to   t he   a r r a y ,   and  t he   t h i c k n e s s   of  a  g l a s s   l a y e r  

i m m e d i a t e l y   u n d e r   t he   r e s i s t i v e   e l e m e n t   a r e   d e f i n e d  

as  s p a t i a l   i n c r e m e n t s   Δx,   Δy  and  Az.  A l s o   a s s u m e   t h a t  

t h e   t e m p e r a t u r e   in  t h e   v i c i n i t y   of  t he   i t h   r e s i s t i v e  

e l e m e n t   in  a  g i v e n   p r i n t i n g   p e r i o d   n  is  d e f i n e d   as  T i n .  

The  e n e r g y   b a l a n c e   a t   t he   p o i n t   i  is  g i v e n   by  t h e  

f o l l o w i n g   g e n e r a l   e q u a t i o n   in  t he   fo rm  of  a  f o r w a r d  

d i f f e r e n c e   e q u a t i o n :  

w h e r e  

To  is   t he   room  t e m p e r a t u r e ,   k  is  t he   h e a t   c o n d u c t i v i t y ,  



q0  is   t he   e n e r g y   u s e d   f o r   a c t i v a t i n g   a  c o l o r i n g   a g e n t ,  

and  q i n   is   t he   e n e r g y   s u p p l i e d   f rom  a  r e s i s t i v e   e l e m e n t .  

The  e n e r g y   qo  m u s t   be  k e p t   c o n s t a n t   to  o b t a i n   t h e  

o p t i m u m   p r i n t i n g   q u a l i t y   by  means   of  t he   t h e r m a l   h e a d .  

The  e n e r g y   qo  is   d e t e r m i n e d   by  a  t i m e   i n t e g r a l   of  t h e  

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

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

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

d e t e r m i n e   t h e   e n e r g i z i n g   t i m e   is   a  c o n t r o l l a b l e  

f a c t o r ,   t h e   e n e r g y   qo  d e p e n d s   on  T in   i n d i c a t i n g   t h e  

s t o r a g e   s t a t e   and  t h e   e n e r g y   q i n ( ( V 2 / R ) · t i n )   w h i c h   i s  

a  f u n c t i o n   of  T i n .  

In  o r d e r   to  keep   t h e   e n e r g y   qo  c o n s t a n t ,   s u c h  

t i n ,   a  f u n c t i o n   of  T i n ,   as  to  keep   q0  c o n s t a n t   m u s t  

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

r e s i s t i v e   e l e m e n t   and  t h e   c o l o r i n g   a g e n t   is   s h o r t e r  

t h a n   t h e   d i m e n s i o n s   of  t h e   r e s i s t i v e   e l e m e n t ,   so  t h a t  

t h e   e q u a t i o n   can  be  d e a l t   w i t h   as  a  m a t t e r   of  o n e -  

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

i n v e n t o r s   o b t a i n e d   t he   f o l l o w i n g   s o l u t i o n :  

w h e r e   KEl ,   KE2  and  KE3  a r e   c o n s t a n t s ,   r e s p e c t i v e l y ,  

Din  is   p r i n t i n g   d a t a   w h i c h   i n d i c a t e s   "1"  (mark )   or  " 0 "  

( b l a n k )   and  Qin  =  T i n / ( T c - T 0 )   ( T i n  @   Tc  =  a  c o n s t a n t  

n o r m a l i z e d   t e m p e r a t u r e ) .   The  s u p p l y   e n e r g y   q i n   i s  

d e t e r m i n e d   by  e q u a t i o n   ( 3 ) .   As  a  r e s u l t ,   T i n + l ,   t h a t  

i s ,   t he   t e m p e r a t u r e   d u r i n g   t he   n e x t   p r i n t i n g   p e r i o d  

can  be  p r e d i c t e d   f rom  e q u a t i o n   ( 2 ) .  

T i n + 1   is  in  p r a c t i c e   a  f u n c t i o n   of  no t   o n l y   T i n  

and  T i + l n   bu t   a l s o   TUin  and  TDin .   H o w e v e r ,   t h e  

f o l l o w i n g   e q u a t i o n   can  be  o b t a i n e d   in  c o n s i d e r a t i o n  

of   t he   h e a t   c o n d u c t i o n   and  t he   r e c o r d i n g   or  p r i n t i n g  

s p e e d :  



w h e r e   KQ1,  KQ2  and  KQ3  a r e   c o n s t a n t s .  

E q u a t i o n s   (3)  and  (4)  may  be  r e w r i t t e n   as  f o l l o w s :  

The  w i d t h   t i n   of  t h e   p u l s e   a p p l i e d   to  t he   r e s i s t i v e  

e l e m e n t   can  be  u n d e r s t o o d   to  be  c a l c u l a t e d   f rom  t h e  

s t o r a g e   e n e r g y   Qin  and  t he   i n p u t   image   d a t a   D i n .  

S i m i l a r l y ,   t he   s t o r a g e   e n e r g y   d a t a   Qin+1  d u r i n g   t h e  

n e x t   p r i n t i n g   p e r i o d   can  be  d e r i v e d   f rom  t he   p r e s e n t  

s t o r a g e   e n e r g y   d i s t r i b u t i o n   Qi+mn  and  t h e   d a t a   s t r e a m  

Di+mn  ( w h e r e   m  =  - 1 ,   0,  +1)  in  a c c o r d a n c e   w i t h  

e q u a t i o n   ( 6 ) .  

The  s t o r a g e   e n e r g i e s   of  t he   ( i ± l ) t h   r e s i s t i v e  

e l e m e n t s   ( ( R i ± 1 ) )   w h i c h   i n f l u e n c e   the   i t h   r e s i s t i v e  

e l e m e n t   (Ri )   a r e   a s s u m e d   to  be  s u b s t a n t i a l l y   i d e n t i c a l  

to   e a c h   o t h e r .   T h e r e f o r e ,   t he   a r i t h m e t i c   mean  of  t h e  

s t o r a g e   e n e r g y   of  t he   ( i - l ) t h   and  ( i + l ) t h   r e s i s t i v e  

e l e m e n t s   is  u s e d   in  e q u a t i o n   ( 4 ) .  

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

e q u a t i o n   (2)  c o n v e r g e s ,   t he   p r i n t i n g   p e r i o d   mus t   b e  

s h o r t e r   t h a n   a b o u t   3.8  msec   when  t h e   r e s o l u t i o n   of  t h e  

t h e r m a l   head   is   12  d o t s / m m ;   and  t h e   p r i n t i n g   p e r i o d  

m u s t   be  s h o r t e r   t h a n   a b o u t   2 .1  msec   when  t he   r e s o l u t i o n  

is  16  d o t s / m m .   As  t he   r e s o l u t i o n   is  i n c r e a s e d ,   h e a t  

t e n d s   to  be  c o n d u c t e d   f u r t h e r   t h a n   t he   a d j a c e n t   v o l u m e  

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

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

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

the   v o l u m e   u n i t s   a s s o c i a t e d   w i t h   t he   two  a d j a c e n t  

r e s i s t i v e   e l e m e n t s   ( R i ± 1 ,   R i±2 )   on  t he   r i g h t   and  l e f t  

s i d e s   of  t he   v o l u m e   u n i t   a s s o c i a t e d   w i t h   t he   i t h  



r e s i s t i v e   e l e m e n t   (Ri)   is  c o n s i d e r e d .  

E q u a t i o n   (3)  is   of  a  fo rm  w h i c h   can  be  e a s i l y  

h a n d l e d   in  t h i s   e m b o d i m e n t .   V a r i o u s   t y p e s   of  e q u a t i o n s  

can   be  d e r i v e d   in  a c c o r d a n c e   w i t h :   p h y s i c a l   c o n d i t i o n s  

s u c h   as  t he   p r i n t i n g   p e r i o d ,   t he   head   r e s o l u t i o n ,   t h e  

h e a d   c o n s t r u c t i o n   and  t h e   head   m a t e r i a l ;   t h e   p r o p e r t i e s  

of  t h e   m a t e r i a l ;   and  an  a p p r o x i m a t i o n   m e t h o d   to  o b t a i n  

a  s o l u t i o n .  

The  a d d e r s   29  and  30  a r e   p r o v i d e d   in  F i g .   3  i n  

c o n s i d e r a t i o n   of  t h e r m a l   c o n d u c t i o n   f rom  the   a d j a c e n t  

v o l u m e   u n i t s .  

The  a d d e r   29  s e r v e s   to  c a l c u l a t e   an  a v e r a g e   o f  

4 - b i t   s t o r a g e   e n e r g y   d a t a   of  t h e   ( i + l ) t h   and  ( i - l ) t h  

r e s i s t i v e   e l e m e n t s   o b t a i n e d   f rom  t he   l a t c h e s   25  and  2 7 .  

N a m e l y ,   t he   f o u r   more   s i g n i f i c a n t   b i t s   of  t h e   a d d e r   29  

a r e   u s e d   as  t h e   s t o r a g e   e n e r g y   d a t a   to  be  s u p p l i e d   t o  

t h e   c a l c u l a t o r   3.  S i m i l a r l y ,   t he   a d d e r   30  c a l c u l a t e s  

t h e   a v e r a g e   v a l u e   of  t he   4 - b i t   s t o r a g e   e n e r g y   d a t a  

of  t he   ( i + 2 ) t h   and  ( i - 2 ) t h   r e s i s t i v e   e l e m e n t s   w h i c h  

a r e   r e s p e c t i v e l y   o b t a i n e d   f rom  t he   l a t c h e s   24  and  2 8 .  

The  t h r e e   more  s i g n i f i c a n t   b i t s   of  t he   a d d e r   30  a r e  

u s e d   as  t he   s t o r a g e   e n e r g y   d a t a   of  t he   ( i ± 2 ) t h   r e s i s t i v e  

e l e m e n t s   to  be  s u p p l i e d   to  t he   c a l c u l a t o r   3 .  

The  5 - b i t   image   d a t a   f rom  t he   s h i f t   r e g i s t e r   2 2 ,  

t h e   4 - b i t   d a t a   of  t he   i t h   r e s i s t i v e   e l e m e n t   f rom  t h e  

l a t c h   26,   t he   4 - b i t   s t o r a g e   d a t a   of  t he   ( i ± l ) t h  

r e s i s t i v e   e l e m e n t s   f rom  t h e   a d d e r   29,  and  t he   3 - b i t  

s t o r a g e   e n e r g y   d a t a   of  t he   ( i ± 2 ) t h   r e s i s t i v e   e l e m e n t s  

f rom  t he   a d d e r   30  a r e   a p p l i e d   to  t h e   c a l c u l a t o r   3 .  

In  o t h e r   w o r d s ,   16  b i t s   in  t o t a l   a r e   u s e d .  

The  c a l c u l a t o r   3  c a l c u l a t e s   t h e   s u p p l y   e n e r g y  

E in   to  be  i n j e c t e d   in  t he   i t h   r e s i s t i v e   e l e m e n t ,  

and  t he   s t o r a g e   e n e r g y   Qin+1  w h i c h   w i l l   be  s t o r e d   i n  

t h e   i t h   r e s i s t i v e   e l e m e n t   u n t i l   t h e   i t h   e l e m e n t   i s  

a g a i n   e n e r g i z e d   a f t e r   t he   s u p p l y   e n e r g y   Ein  has   b e e n  

i n j e c t e d   in  t he   i t h   e l e m e n t ,   in  a c c o r d a n c e   w i t h   t h e  

i n p u t   image   d a t a   D i - 2 .   D i - 1 ,   Di,   D i+ l   and  Di+2  a n d  



t he   s t o r a g e   e n e r g y   d a t a   Q i t 2 n ,   Q i ± l n  a n d   Qin  o b t a i n e d  

to  d a t e .  

The  c a l c u l a t o r   3  s i m u l a t e s   t he   e q u a t i o n   of  h e a t  

c o n d u c t i o n   in  a c c o r d a n c e   w i t h   e q u a t i o n s   (3)  and  (4)  t o  

p r o v i d e   p r e d i c t i o n   v a l u e s   of  t he   p r o p e r   s u p p l y   e n e r g y ,  
and  s t o r a g e   e n e r g y   in  t h e   n e x t   p r i n t i n g   p e r i o d .   T h e  

s u p p l y   e n e r g y   d a t a   is  a p p l i e d   to  t he   t h e r m a l   head   10 

t h r o u g h   t he   s u p p l y   e n e r g y   c o n t r o l   9.  The  s t o r a g e  

e n e r g y   p r e d i c t i o n   d a t a   is  s t o r e d   in  t h e   s t o r a g e   e n e r g y  

memory  5  and  is  u s e d   as  i n p u t   d a t a   to  t he   c a l c u l a t o r  

3  in  t he   n e x t   p r i n t i n g   p e r i o d .   The  c o n t e n t s   of  t h e  

s t o r a g e   e n e r g y   memory  5  a r e   u p d a t e d   e v e r y   p r i n t i n g  

p e r i o d .  

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

ROM.  The  s u p p l y   e n e r g y   d a t a   and  t he   s t o r a g e   e n e r g y  
d a t a   w h i c h   have   been   c a l c u l a t e d   by  a  c o m p u t e r   i n  

a d v a n c e   a r e   s t o r e d   in  t h e   ROM.  The  5 - b i t   image  d a t a  

and  t he   1 1 - b i t   s t o r a g e   e n e r g y   d a t a   a r e   u s e d   as  1 6 - b i t  

a d d r e s s   d a t a   of  t he   ROM.  The  4 - b i t   s u p p l y   e n e r g y   d a t a  

7  and  t he   4 - b i t   s t o r a g e   e n e r g y   d a t a   8  a r e   r e a d   ou t   f r o m  

t h e   ROM.  The  u p p e r   f o u r   b i t s   of  o n e - b y t e   o u t p u t   of  t h e  

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

l o w e r   f o u r   b i t s   t h e r e o f   to  t h e   s t o r a g e   e n e r g y   d a t a .  

T h e r e f o r e ,   t he   c a p a c i t y   of  t he   ROM  of  t he   c a l c u l a t o r  

3  is  64  K  b y t e s .  

The  o p e r a t i o n   of  t he   c i r c u i t   shown  in  F i g .   3  w i l l  

be  d e s c r i b e d   w i t h   r e f e r e n c e   to  t he   t i m i n g   c h a r t s   i n  

F i g s .   4A  and  4B.  The  8 - b i t   image   d a t a   is  r e a d   o u t  

f rom  t h e   image  memory  20  in  r e s p o n s e   to  t h e   s i g n a l   MR 

and  is  l o a d e d   in  t he   s h i f t   r e g i s t e r   21  in  r e s p o n s e   t o  

t h e   f a l l i n g   edge   of  t he   s i g n a l   LD.  The  8 - b i t   d a t a  

l o a d e d   in  t he   s h i f t   r e g i s t e r   21  a r e   s e r i a l l y   l o a d e d  

i n t o   t he   s h i f t   r e g i s t e r   22  in  r e s p o n s e   to  t he   r i s i n g  

e d g e s   of  t he   s i g n a l   SRCLK.  When  the   8 - b i t   d a t a   s h i f t  

is   c o m p l e t e d ,   t he   s i g n a l   MR  is   i s s u e d   a g a i n   f rom  t h e  

t i m i n g   c o n t r o l l e r   12  to  l o a d   t h e   n e x t   8 - b i t   d a t a   i n t o  

t h e   s h i f t   r e g i s t e r   21.  T h e r e a f t e r ,   t he   a b o v e   o p e r a t i o n  



is   r e p e a t e d   u n t i l   d a t a   (324  b y t e s )   on  one  l i n e   a r e  

s h i f t e d .  

The  t i m i n g   c o n t r o l l e r   12  g e n e r a t e s   t he   s i g n a l  

LATCH  t o g e t h e r   w i t h   t he   s i g n a l   SRCLK  so  as  to  s h i f t  

t he   s t o r a g e   e n e r g y   d a t a   f rom  t h e   RAMA  23  f rom  t h e  

l o w e r   l a t c h e s   to  t h e   u p p e r   l a t c h e s .   The  c o u n t   of  t h e  

r e a d   a d d r e s s   c o u n t e r   32  is  i n c r e m e n t e d   by  one  e v e r y  
t i m e   t h e   s i g n a l   LATCH  is   a p p l i e d   to  t he   l a t c h e s ,   s o  

t h a t   t h e   s t o r a g e   e n e r g y   d a t a   a r e   s e q u e n t i a l l y   r e a d  

o u t   f rom  t he   t e r m i n a l   Dour   of  t h e   RAMA  23.  T h e  

s t o r a g e   e n e r g y   d a t a   c a l c u l a t e d   by  t he   c a l c u l a t o r   12 

a r e   s e q u e n t i a l l y   s t o r e d   in  t h e   RAMA  23  in  r e s p o n s e   t o  

t h e   s i g n a l   WR.  The  c o u n t   of  t h e   w r i t e   a d d r e s s   c o u n t e r  

31  is   i n c r e m e n t e d   e v e r y   t i m e   t h e   d a t a   is  s t o r e d   in  t h e  

RAMA  2 3 .  

The  r e a d   a d d r e s s   d i f f e r s   f rom  t h e   w r i t e   a d d r e s s  

in  F i g .   4A  or  4B,  s i n c e   t h e   image   d a t a   of  t he   f i r s t  

r e s i s t i v e   e l e m e n t   m u s t   be  s h i f t e d   to  t h e   3rd   b i t   f r o m  

t h e   LSB  of  t he   s h i f t   r e g i s t e r   22  and  t he   s t o r a g e   e n e r g y  
d a t a   of  t he   f i r s t   r e s i s t i v e   e l e m e n t   m u s t   be  s h i f t e d   t o  

t h e   l a t c h   26  in  o r d e r   to  c a l c u l a t e   t h e   s u p p l y   e n e r g y  
and  t he   s t o r a g e   e n e r g y   of  t he   f i r s t   r e s i s t i v e   e l e m e n t .  

The  s e l e c t o r   33  is   u s e d   to  s w i t c h   b e t w e e n   t h e   r e a d  

a d d r e s s   s i g n a l   and  t he   w r i t e   a d d r e s s   s i g n a l .   When 

d a t a   c a l c u l a t i o n   f o r   one  l i n e   is   c o m p l e t e d ,   a l l   t h e  

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

f o r   t h e   n e x t   l i n e   is   i s s u e d .   When  t h e   s y n c h r o n i z i n g  

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

n e x t   l i n e .   The  a b o v e   o p e r a t i o n s   a r e   r e p e a t e d   u n t i l  

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

F i g .   5  shows   t h e   d e t a i l e d   c o n f i g u r a t i o n   of  t h e  

s u p p l y   e n e r g y   c o n t r o l   9  of  F i g .   1.  In  t h i s   e m b o d i m e n t ,  

s i n c e   t h e   t h e r m a l   head   has   a  r e s o l u t i o n   of  12  d o t s / m m  

and  an  A4  w i d t h ,   t h e   n u m b e r   of  t h e r m a l   h e a t i n g   r e s i s t i v e  

e l e m e n t s   is  2 5 9 2 .   In  o r d e r   to  s h o r t e n   t h e   t i m e   of  d a t a  

t r a n s f e r   to  t h e   t h e r m a l   h e a d ,   t he   t h e r m a l   h e a d   of  t h i s  

e m b o d i m e n t   has   n i n e   i n p u t   d a t a   p o r t s   SIN1  to   S I N 9  



e a c h   a d a p t e d   to  r e c e i v e   d a t a   in  a  s e r i a l   m a n n e r .   E a c h  

d a t a   p o r t   r e c e i v e s   d a t a   c o r r e s p o n d i n g   to  288  r e s i s t i v e  

e l e m e n t s .  

The  a r r a n g e m e n t   of  t he   t h e r m a l   head   10  w i l l   b e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   7  and  8.  In  t h i s  

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

ICs  a r e   u s e d   to  d r i v e   t he   e l e m e n t s   in  u n i t s   of  32  d o t s .  

Each   p o r t   t h u s   r e q u i r e s   9  d r i v e   c i r c u i t s ,   so  t h a t  

81  d r i v e   c i r c u i t s   611  to  6181  a r e   a r r a n g e d   in  t h e  

t h e r m a l   head   10.  As  shown  in  F i g .   8,  e a c h   d r i v e  

c i r c u i t   c o m p r i s e s   a  3 2 - b i t   s h i f t   r e g i s t e r   62,  a  l a t c h  

c i r c u i t   63,  an  e n a b l e   g a t e   c i r c u i t   64  a n d ,   a  d r i v e r  

65  f o r   d r i v i n g   t h e r m a l   h e a t i n g   r e s i s t i v e   e l e m e n t s   R l  

to   R 3 2 .  

R e f e r r i n g   back   to  F i g .   5,  t he   s u p p l y   e n e r g y   d a t a  

7  c a l c u l a t e d   by  t he   c a l c u l a t o r   3  a r e   a p p l i e d   to  t h e  

a  RAMB(11)  44  to  a  RAMB(19)  46  or  a  RAMB(21)  45  to  a  
RAMB(29)  47  t h r o u g h   a  b u f f e r ( l l )   40  to  b u f f e r ( 1 9 )   42  o r  

a  b u f f e r ( 2 1 )   41  to  b u f f e r ( 2 9 )   43,   r e s p e c t i v e l y .   N i n e  

b u f f e r s   ( i . e . ,   b u f f e r ( l )   to  b u f f e r ( 9 ) )   and  n i n e   RAMBs 

( i . e . ,   RAMB(l)  to  RAMB(9))  r e s p e c t i v e l y   c o r r e s p o n d   t o  

n i n e   p o r t s   SIN1  to  SIN9.   I f   t he   t h e r m a l   head   has   o n e  

i n p u t   p o r t ,   one  s e t   of  a  b u f f e r   and  a  RAM  s u f f i c e .  

F u r t h e r m o r e ,   two  s e t s   e a c h   h a v i n g   n i n e   b u f f e r s   a n d  

n i n e   RAMBs  a r e   p r e p a r e d   f o r   a  h i g h   s p e e d   r e c o r d i n g .  

For   e x a m p l e ,   w h i l e   d a t a   a r e   w r i t t e n   in  t he   RAMB(11)  

to   RAMB(19) ,   d a t a   a r e   r e a d   o u t   f rom  t he   RAMB(21)  t o  

RAMB(29) .   In  t h i s   m a n n e r ,   t he   w r i t e   and  r e a d   o p e r a t i o n s  

can   be  s i m u l t a n e o u s l y   p e r f o r m e d .   I f   no  h i g h   s p e e d  

o p e r a t i o n   is  r e q u i r e d ,   a  s e t   of  n i n e   b u f f e r s   and  n i n e  

RAMBs  may  be  u s e d .  

Assume   t h a t   a  t i m i n g   s i g n a l   Gl  is   i s s u e d   f r o m  

t h e   t i m i n g   c o n t r o l l e r   12.  The  t i m i n g   s i g n a l   Gl  and  a  

t i m i n g   s i g n a l   G2  a r e   a p p l i e d   to  t e r m i n a l s   CS1  of  t h e  

b u f f e r ( 1 1 )   to  b u f f e r ( 1 9 )   and  of  t he   b u f f e r ( 2 1 )   t o  

b u f f e r ( 2 9 ) ,   r e s p e c t i v e l y .   When  t he   t i m i n g   s i g n a l   G l  

i s   i s s u e d ,   t he   t i m i n g   s i g n a l   G2  is  no t   i s s u e d   a n d  



v i c e   v e r s a .   Each  b u f f e r   is   e n a b l e d   o n l y   when  a  s i g n a l  

of   l o g i c   "0"  is  s u p p l i e d   to  t h e   t e r m i n a l s   CS1  and  CS2 

t h e r e o f   so  as  to  s u p p l y   t he   s u p p l y   e n e r g y   d a t a   f r o m  

t h e   c a l c u l a t o r   3  to  t he   c o r r e s p o n d i n g   RAMB.  O t h e r w i s e ,  

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

f r o m   t he   c o r r e s p o n d i n g   RAMB. 

The  d a t a   is  w r i t t e n   a t   an  a d d r e s s   of  RAMBs  w h i c h   i s  

a c c e s s e d   by  an  a d d r e s s   c o u n t e r   48  or  49  when  a  s i g n a l   i s  

a p p l i e d   to  i t s   t e r m i n a l   WR.  O t h e r w i s e ,   d a t a   is  r e a d   o u t  

f rom  an  a d d r e s s   a c c e s s e d   by  t h e   c o r r e s p o n d i n g   a d d r e s s  

c o u n t e r .   The  a d d r e s s   c o u n t e r   48  is   c o m m o n l y   u s e d   f o r  

RAMB(11)  to  RAMB(19) ,   and  t h e   a d d r e s s   c o u n t e r   49  i s  

c o m m o n l y   u s e d   f o r   t he   RAMB(21)  to  RAMB(29) .   The  s a m e  

a d d r e s s   d a t a   a r e   s u p p l i e d   to  t he   RAMB(11)  to  RAMB(19)  

or  RAMB(21)  to  R A M B ( 2 9 ) .  

The  n u m b e r   of  a d d r e s s   d a t a   is   e q u a l   to  t he   n u m b e r  

of  r e s i s t i v e   e l e m e n t s   f o r   one  p o r t ,   so  t h a t   t he   n u m b e r  

of   a d d r e s s   d a t a   is   288  in  t h e   c a s e   of  n i n e   p o r t s .  

S i n c e   t h e   t i m i n g   s i g n a l   Gl  is  i s s u e d   f rom  t h e   t i m i n g  

c o n t r o l l e r   12,  t h e   RAMB(21)  to  RAMB(29)  a r e   d i s c o n n e c t e d  

f rom  t he   s u p p l y   e n e r g y   d a t a   l i n e s .   When  t h e   s u p p l y  

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

a  s i g n a l   RAMB(11)WR  is   g e n e r a g e d   f rom  t he   t i m i n g  

c o n t r o l l e r   12.  In  t h i s   c a s e ,   t h e   b u f f e r ( l l )   40  i s  

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

t h e   d a t a   l i n e   of  t h e   R A M B ( 1 1 ) .  

The  s u p p l y   e n e r g y   d a t a   is  w r i t t e n   a t   an  a d d r e s s  

a c c e s s e d   by  t he   a d d r e s s   c o u n t e r   48.  S i g n a l s   RAMB(11)WR 

to   RAMB(19)WR  have   a  p e r i o d   288  t i m e s   t he   p e r i o d   o f  

t he   s i g n a l   WR  shown  in  F i g s .   4A  and  4B.  The  d a t a   i s  

w r i t t e n   in  t h e   RAMB(11)  in  r e s p o n s e   to  t h e   s i g n a l  

RAMB(11)WR.  The  n e x t   s i g n a l   RAMB(12)WR  is  u s e d   t o  

w r i t e   t h e   d a t a   in  t h e   RAMB(12) .   S i m i l a r l y ,   t h e   d a t a  

i s   w r i t t e n   in  t he   RAMB(19)  in  r e s p o n s e   to  t he   l a s t  

s i g n a l   RAMB(19)WR.  Each   b u f f e r   is   e n a b l e d   o n l y   w h e n  

t h e   s i g n a l   WR  is  s u p p l i e d   to   t he   c o r r e s p o n d i n g   RAMB 

so  as  to  w r i t e   t h e   s u p p l y   e n e r g y   d a t a   in  t h i s   RAMB. 



When  t he   s u p p l y   e n e r g y   d a t a   of  t he   f i r s t   r e s i s t i v e  

e l e m e n t   is  w r i t t e n   in  t he   R A M B ( l l ) ,   t he   s i g n a l   WR1  i s  

i s s u e d   f rom  t he   t i m i n g   c o n t r o l l e r   12,  and  t he   c o u n t   o f  

t h e   a d d r e s s   c o u n t e r   48  is  i n c r e m e n t e d   by  one .   T h e  

s i g n a l   WR1  is  i s s u e d   e v e r y   t i m e   one  of  t h e   RAMB(11)  

to   RAMB(19)  r e c e i v e s   t h e   s i g n a l   WR.  The  s u p p l y   e n e r g y  
d a t a   of  t he   s e c o n d   r e s i s t i v e   e l e m e n t   is  w r i t t e n   in  t h e  

same  m a n n e r   as  in  t he   RAMB(11) .   The  a b o v e   o p e r a t i o n  
is   t h e n   r e p e a t e d   to  w r i t e   t he   f i r s t   288  s u p p l y   e n e r g y  
d a t a   in  t h e   R A M B ( 1 1 ) .  

A f t e r   t he   s u p p l y   e n e r g y   d a t a   of  t he   2 8 8 t h  

r e s i s t i v e , e l e m e n t   is  w r i t t e n   in  t he   RAMB(11) ,   t h e  

a d d r e s s   c o u n t e r   48  d e s i g n a t e s   t he   same  a d d r e s s   as  i n  

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

r e s i s t i v e   e l e m e n t   is  w r i t t e n .   The  s u p p l y   e n e r g y   d a t a  

of  t he   2 8 9 t h   r e s i s t i v e   e l e m e n t   is  w r i t t e n   in  t h e  

RAMB(12)  in  r e s p o n s e   to  t he   s i g n a l   RAMB(12)WR  g e n e r a t e d  
f rom  t h e   t i m i n g   c o n t r o l l e r   12.  The  d a t a   l i n e   of  t h e  

RAMB(11)  is  d i s c o n n e c t e d   f rom  t h e   s u p p l y   e n e r g y   d a t a  

l i n e .   In  t h e   same  m a n n e r   as  in  t he   RAMB(11) ,   a f t e r  

t h e   s u p p l y   e n e r g y   d a t a   of  2 8 9 t h   to  5 7 7 t h   r e s i s t i v e  

e l e m e n t s   a r e   w r i t t e n   in  t he   RAMB(12) ,   t h e   RAMB(12)  i s  

d i s c o n n e c t e d   f rom  t he   s u p p l y   e n e r g y   d a t a   l i n e .   T h e  

a b o v e   o p e r a t i o n   is  r e p e a t e d   to  w r i t e   t he   s u p p l y   e n e r g y  
d a t a   of  t he   2 3 0 4 t h   to  2 5 9 2 t h   r e s i s t i v e   e l e m e n t s   in  t h e  

RAMB(19) .   T h u s ,   t he   c a l c u l a t i o n   f o r   one  l i n e   i s  

c o m p l e t e d .  

W h i l e   t he   s u p p l y   e n e r g y   d a t a   f o r   one  l i n e   a r e  

w r i t t e n   in  t he   RAMB(11)  44  to   RAMB(19)  46,  t he   p r e v i o u s  

s u p p l y   e n e r g y   d a t a   a r e   r e a d   o u t   f rom  t he   RAMB(21)  45 

to  RAMB(29)  47  and  a r e   s u p p l i e d   to  t he   t h e r m a l   h e a d  

t h r o u g h   a  m u l t i p l e x e r ( l )   50  to  a  m u l t i p l e x e r ( 9 )   5 1 ,  

t h e r e b y   e n e r g i z i n g   t he   r e s i s t i v e   e l e m e n t s   to  r e c o r d  

image   d a t a .   At  t h i s   t i m e ,   t he   RAMB(21)  to  t he   RAMB(29)  

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

r e s p e c t i v e l y .  

S i n c e   t he   s i g n a l   Gl  is  g e n e r a t e d   f rom  t he   t i m i n g  



c o n t r o l l e r   12,   t he   s i g n a l s   RAMB(21)WR  to  RAMB(29)WR 

a r e   n o t   i s s u e d .   In  o t h e r   w o r d s ,   t he   RAMB(21)  t o  

RAMB(29)  a r e   k e p t   in  t h e   r e a d   mode  so  t h a t   t he   s u p p l y  

e n e r g y   d a t a   a c c e s s e d   by  t h e   a d d r e s s   c o u n t e r   49  is  r e a d  

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

s i g n a l s   51  f rom  t he   t i m i n g   c o n t r o l l e r   12,  one  b i t   o f  

t h e   4 - b i t   d a t a   f rom  e a c h   of  t he   RAMB(l l )   to   RAMB(19)  

or   of  t he   RAMB(21)  to  RAMB(29)  is   s e l e c t e d   by  t h e  

m u l t i p l e x e r ( l )   50  to  m u l t i p l e x e r ( 9 )   51  and  i s  

s u p p l i e d   to  t h e   c o r r e s p o n d i n g   p o r t .   At  t h e   p r e s e n t  

t i m e ,   t h e   RAMB(21)  to  RAMB(29)  a r e   s e t   in  t he   r e a d  

m o d e ,   so  t h a t   t h e   s e l e c t e d   o n e - b i t   d a t a   of  d a t a   r e a d  

o u t   f rom  t h e   RAMB(21)  to  RAMB(29)  a r e   i s s u e d   f rom  t h e  

m u l t i p l e x e r ( l )   to  m u l t i p l e x e r ( 9 ) ,   r e s p e c t i v e l y .   T h e  

d a t a   s u p p l i e d   to  t h e   i n p u t   p o r t s   SIN1  to  SIN9  of  t h e  

t h e r m a l   h e a d   10  a r e   w r i t t e n   in  t he   c o r r e s p o n d i n g   s h i f t  

r e g i s t e r s   in  r e s p o n s e   to  t he   s i g n a l   CLK  g e n e r a g e d   f r o m  

t h e   t i m i n g   c o n t r o l l e r   12.  At  t h e   same  t i m e ,   t he   t i m i n g  

c o n t r o l l e r   12  g e n e r a g e s   t he   s i g n a l   CLK2  to  i n c r e m e n t  

t he   a d d r e s s   c o u n t e r   49  of  t h e   RAMB(21)  to  R A M B ( 2 9 ) .  

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

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

r e a d   o u t   f rom  t he   RAMB(21)  to  RAMB(29) .   O n e - b i t   d a t a  

of  t he   same  o r d e r   as  t he   p r e v i o u s   o n e - b i t   d a t a   a r e  

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

t h e   m u l t i p l e x e r ( l )   to  m u l t i p l e x e r ( 9 ) .   T h i s   o n e - b i t  

d a t a   is  w r i t t e n   in  t he   c o r r e s p o n d i n g   s h i f t   r e g i s t e r  

in  r e s p o n s e   to  t h e   s i g n a l   CLK.  At  t h i s   t i m e ,   t h e  

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

one  b i t .   T h i s   o p e r a t i o n   is  r e p e a t e d   by  288  t i m e s ,  

so  t h a t   t h e   same  o r d e r   b i t s   of  a l l   t he   4 - b i t   d a t a   o f  

t h e   RAMB(21)  to   RAMB(29)  a r e   w r i t t e n   in  a l l   t h e  

e i g h t y - o n e   s h i f t   r e g i s t e r s   62  in  t h e   t h e r m a l   head   1 0 .  

The  d a t a   w r i t t e n   in  t he   s h i f t   r e g i s t e r s   62  is  l a t c h e d  

by  t h e   l a t c h   c i r c u i t s   63  in  r e s p o n s e   to  a  s i g n a l  

ALATCH.  O u t p u t   d a t a   of  t he   l a t c h   c i r c u i t s   63  i s  

s u p p l i e d   to  t h e   d r i v e r s   65  t h r o u g h   t h e   e n a b l e   g a t e  



c i r c u i t s   64  w h i c h   a r e   e n a b l e d   by  one  of  e n a b l e   s i g n a l s  

MEN-1  to  MEN-4  f rom  the   t i m i n g   c o n t r o l l e r   12.  T h e  

r e s i s t i v e   e l e m e n t s   Rl  to  R32  a r e   h e a t e d   or  a r e   n o t  

h e a t e d   in  a c c o r d a n c e   w i t h   t he   c o r r e s p o n d i n g   d a t a   " 0 "  

or  " 1 " .   The  e n a b l e   s i g n a l s   MEN-1  to  MEN-4  s u p p l i e d   t o  

t h e   g a t e   c i r c u i t s   64  have   d i f f e r e n t   p u l s e w i d t h s   to  b e  

d e s c r i b e d   l a t e r .  

F i g .   6A  shows   the   r e l a t i o n s h i p   b e t w e e n   t he   4 - b i t  

s u p p l y   e n e r g y   d a t a   7  and  t he   e n a b l e   s i g n a l s   MEN-1  t o  

MEN-4.  In  t h i s   e m b o d i m e n t ,   a  v o l t a g e   a p p l i e d   to  t h e  

r e s i s t i v e   e l e m e n t s   of  t he   t h e r m a l   head   is  c o n s t a n t ,   s o  

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

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

e l e m e n t s ,   t he   e n e r g i z i n g   t i m e   m u s t   c h a n g e   in  a c c o r d a n c e  

w i t h   t he   s u p p l y   e n e r g y .   The  4 - b i t   s u p p l y   e n e r g y   d a t a  

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

t i m e   of  a  r e s i s t i v e   e l e m e n t .   H o w e v e r ,   t h e   e n e r g i z i n g  

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

of  t he   s t r u c t u r a l   r e s t r i c t i o n   of  t he   t h e r m a l   h e a d .   I n  

p r a c t i c e ,   t he   e n e r g i z i n g   t i m e s   of  t he   r e s i s t i v e   e l e m e n t s  

h a v e   t he   same  l e n g t h   of  p e r i o d .   In  o r d e r   to  v a r y   t h e  

e n e r g i z i n g   t i m e s   of  t he   r e s i s t i v e   e l e m e n t s ,   t h e  

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

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

s u p p l y   e n e r g y   d a t a .  

In  t h i s   e m b o d i m e n t ,   as  shown  in  F i g .   6,  f o u r  

e n e r g i z i n g   t i m e s   Tl  to  T4  a r e   s e t   in  a c c o r d a n c e   w i t h  

t h e   f o u r   e n a b l e   s i g n a l s   MEN-1  to  MEN-4.  The  f o u r  

e n e r g i z i n g   t i m e s   and  t he   f o u r   b i t s   of  t he   s u p p l y   e n e r g y  
d a t a   have   a  o n e - t o - o n e   c o r r e s p o n d e n c e .   For   e x a m p l e ,  

t h e   MSB  E i n l   c o r r e s p o n d s   to  e n e r g i z i n g   t i m e   T l ;   E i n 2 ,  

to   T2;  E i n 3 ,   to  T3;  and  E i n 4 ,   to  T4.  The  e n e r g i z i n g  

t i m e   of  e a c h   r e s i s t i v e   e l e m e n t   is  s e l e c t e d   by  a  b i t  

or   b i t s   of  "1"  of  t he   s u p p l y   e n e r g y   d a t a .   For   e x a m p l e ,  
i f   E i n l  =   E in3   =  Ein4  =  1  and  Ein2   =  0,  t h e   e n e r g i z i n g  

t i m e s   T l ,   T3  and  T4  a r e   s e l e c t e d   as  shown  in  F i g .   6 B .  

The  c o r r e s p o n d i n g   r e s i s t i v e   e l e m e n t   is  e n e r g i z e d   d u r i n g  



a  t i m e   of  Tl  +  T3  +  T4.  In  t h i s   e m b o d i m e n t ,   t h e  

e n e r g i z i n g   t i m e   of  e a c h   r e s i s t i v e   e l e m e n t   is   c h a n g e d  

in  s u c h   a  m a n n e r   as  d e s c r i b e d   a b o v e .  

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

t i m e s   T l ,   T2,  T3  and  T4  can  be  f r e e l y   s e t   in  a c c o r d a n c e  

w i t h   t he   e n a b l e   s i g n a l s   MEN-1  to  MEN-4.  When  

Tl  =  T2  =  T3  =  T4,  a  maximum  of  f o u r   s t e p s   of  t h e  

e n e r g i z i n g   t i m e   i n t e r v a l s   can  be  o b t a i n e d .   When  t h e  

p u l s e w i d t h s   of  t he   e n a b l e   s i g n a l s   MEN-1  to  MEN-4 

( c o r r e s p o n d i n g   to   t h e   t i m e s   Tl  to  T4)  d i f f e r   f rom  e a c h  

o t h e r ,   a  maximum  of  16  s t e p s   of  t he   e n e r g i z i n g   t i m e  

i n t e r v a l s   can  be  o b t a i n e d .   F u r t h e r m o r e ,   i f   t he   n u m b e r  

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

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

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

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

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

w i l l   be  r e p e a t e d .  

The  m u l t i p l e x e r ( l )   t o  m u l t i p l e x e r ( 9 )   s e l e c t ,   f o r  

e x a m p l e ,   t h e   MSB  E i n l   of  t he   4 - b i t   s u p p l y   e n e r g y   d a t a  

r e a d   o u t   f rom  t h e   RAMB(21)  to  RAMB(29)  to  f e e d   t h e  

t h e r m a l   head   10.  As  p r e v i o u s l y   d e s c r i b e d ,   when  t h e  

r e a d o u t   of  o n e - b i t   d a t a   is  p e r f o r m e d   288  t i m e s ,   a l l  

t h e   MSB  d a t a   E i n l   of  t he   s u p p l y   e n e r g y   f o r   a l l   t h e  

r e s i s t i v e   e l e m e n t s   a r e   w r i t t e n   in  t h e   s h i f t   r e g i s t e r s  

of  t he   t h e r m a l   head   10.  The  MSB  d a t a   a r e   l a t c h e d   b y  

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

g e n e r a t e d   f rom  t h e   t i m i n g   c o n t r o l l e r   12.  N e x t ,   t h e  

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

g a t e   c i r c u i t s   in  r e s p o n s e   to  t he   e n a b l e   s i g n a l   MEN-1 

f o r   s e t t i n g   t h e   e n e r g i z i n g   t i m e   T l .   As  a  r e s u l t ,  

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

c o r r e s p o n d i n g   to   d a t a   of  "1"  f o r   t he   e n e r g i z i n g  

t i m e   T l .  

When  t h e   MSB  d a t a   E i n l   a r e   l a t c h e d   by  t he   l a t c h  

c i r c u i t s ,   d a t a   r e a d o u t   f rom  t he   RAMB(21)  to  RAMB(29)  

i s   r e s t a r t e d   f rom  a d d r e s s   1.  At  t h i s   t i m e ,   t h e  



( n e x t   to  t he   MSB)  of  t he   4 - b i t   s u p p l y   e n e r g y   d a t a   r e a d  

o u t   f rom  e a c h   of  t he   RAMB(21)  to  RAMB(29) .   In  t h e  

same  m a n n e r   as  in  t h e   MSB  d a t a ,   t he   r e s i s t i v e   e l e m e n t s  

a r e   s e l e c t i v e l y   e n e r g i z e d   in  a c c o r d a n c e   w i t h   t he   d a t a  

E in2   of  t he   4 - b i t   s u p p l y   e n e r g y   d a t a   f o r   t h e   t i m e   T2 

s e t   by  t he   e n a b l e   s i g n a l   M E N - 2 .  

D a t a   r e a d o u t   f rom  t h e   RAMB(21)  to  RAMB(29)  i s  

r e s t a r t e d   f rom  a d d r e s s   1  t h e r e o f .   In  t h i s   c a s e ,   t h e  

m u l t i p l e x e r ( l )   to  m u l t i p l e x e r ( 9 )   s e l e c t   t h e   o n e - b i t  

d a t a   E i n 3 .   The  t i m i n g   c o n t r o l l e r   12  g e n e r a t e s   t h e  

e n a b l e   s i g n a l   MEN-3,  so  t h a t   t he   r e s i s t i v e   e l e m e n t s  

a r e   s e l e c t i v e l y   e n e r g i z e d   f o r   t he   t i m e   T3  s e t   by  t h e  

e n a b l e   s i g n a l   MEN-3.  F i n a l l y ,   t h e   f o u r t h   t i m e   d a t a  

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

RAMB(21)  to  RAMB(29) .   The  m u l t i p l e x e r ( l )   t o  

m u l t i p l e x e r ( 9 )   s e l e c t   t he   LSB  d a t a   E in4   of  t he   4 - b i t  

s u p p l y   e n e r g y   d a t a .   The  t i m i n g   c o n t r o l l e r   12  s u p p l i e s  

t h e   e n a b l e   s i g n a l   MEN-4  to  t he   e n a b l e   g a t e   c i r c u i t   6 4 .  

As  a  r e s u l t ,   t he   r e s i s t i v e   e l e m e n t s   a r e   s e l e c t i v e l y  

e n e r g i z e d   f o r   t h e   t i m e   T4  s e t   by  t h e   e n a b l e   s i g n a l  

MEN-4.  In  t h i s   m a n n e r ,   t he   f o u r - t i m e   d a t a   r e a d o u t  

o p e r a t i o n s   f rom  t he   RAMBs  and  t he   f o u r - t i m e   s e l e c t i v e  

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

w i t h   t he   r e a d o u t   d a t a   a r e   p e r f o r m e d   to  p r i n t   t he   i m a g e  

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

The  s u p p l y   e n e r g y   m u s t   be  p r e s e t   to  c a u s e   t h e  

r e s i s t i v e   e l e m e n t   to  r e a c h   a  p r e d e t e r m i n e d   t e m p e r a t u r e ,  
s i n c e   t he   t r a n s f e r   f a c t o r   of  ink  to  a  s h e e t   d e p e n d s  

s o l e l y   on  t h e   t e m p e r a t u r e   of  t he   r e s i s t i v e   e l e m e n t ,   a s  
has   b e e n   f o u n d   a c c o r d i n g   to  e x p e r i m e n t s .  

The  f e a t u r e s   of  t he   p r e s e n t   i n v e n t i o n   d e s c r i b e d  

a b o v e   w i l l   be  s u m m a r i z e d   as  f o l l o w s :  

(1)  The  s t o r a g e   e n e r g i e s   a r e   d e t e r m i n e d   i n  

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

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

o p e r a t i o n   of  t he   p r e v i o u s   image   d a t a ;  



(2)  The  s u p p l y   e n e r g y   is   d e t e r m i n e d   in  a c c o r d a n c e  

w i t h   t h i s   s t o r a g e   e n e r g y   and  t h e   i n p u t   image   d a t a ;   a n d  

(3)  Time  and  s p a c e   f a c t o r s   a r e   c o n s i d e r e d   w i t h  

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

The  p r e s e n t   i n v e n t i o n   is  no t   l i m i t e d   to  t h e  

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

t i o n s   may  be  made  w i t h i n   t he   s p i r i t   and  s c o p e   of  t h e  

p r e s e n t   i n v e n t i o n .   For   e x a m p l e ,   t he   c o n t e n t   of  t h e  

ROM  of  t he   c a l c u l a t o r   3  may  be  o b t a i n e d   t h e o r e t i c a l l y  

or   e m p i r i c a l l y .   A l t e r n a t i v e l y ,   t h e   c a l c u l a t o r   3  m a y  
be  c o m p r i s e d   of  a  CPU  or  t he   l i k e .  



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

a  t h e r m a l   head   (10)  h a v i n g   a  n u m b e r   of  t h e r m a l  

h e a t i n g   r e s i s t i v e   e l e m e n t s   (Ri  to  R32)  and  d r i v e   c i r c u i t  

m e a n s   (62  to  65)  f o r   s e l e c t i v e l y   e n e r g i z i n g   s a i d   t h e r m a l  

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

a c c o r d a n c e   w i t h   image  d a t a   to  r e c o r d   t he   image   d a t a ;  

memory   means   f o r   s t o r i n g   d a t a   of  a  s t o r a g e   e n e r g y  
of  e a c h   of  s a i d   t h e r m a l   h e a t i n g   r e s i s t i v e   e l e m e n t s   a f t e r  

t h e   image   d a t a   have   been   r e c o r d e d ;  

c a l c u l a t i n g   means   (3)  r e s p o n s i v e   to  s t o r a g e   e n e r g y  
d a t a   f rom  s a i d   memory  means   and  n e x t   image   d a t a   f o r  

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

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

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

h e a t i n g   r e s i s t i v e   e l e m e n t s   a f t e r   t he   n e x t   image   d a t a  

h a v e   b e e n   r e c o r d e d ;   a n d  

c o n t r o l l i n g   means   (9 ,   1 2  )   r e s p o n s i v e   to  t he   s u p p l y  

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

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

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

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

2.  A  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  

in  t h a t   t he   s t o r a g e   e n e r g y   d a t a   c a l c u l a t e d   by  s a i d  

c a l c u l a t i n g   means   (3)  is  s t o r e d   in  s a i d   memory  m e a n s  

( 5 ) ,   w h e r e b y   the   s t o r a g e   e n e r g y   d a t a   s t o r e d   in  s a i d  

memory   means   is  u p d a t e d   e v e r y   t i m e   new  image   d a t a   i s  

r e c o r d e d .  

3.  A  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   c a l c u l a t i n g   means   (3)  is   a r r a n g e d   to  c a l c u l a t e  

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

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

r e s i s t i v e   e l e m e n t   and  a d j a c e n t   r e s i s t i v e   e l e m e n t s  

a r r a n g e d   on  t he   r i g h t   and  l e f t   s i d e s   of  s a i d   i t h   t h e r m a l  

h e a t i n g   r e s i s t i v e   e l e m e n t ,   and  t he   s t o r a g e   e n e r g y   d a t a  

of  s a i d   i t h   and  a d j a c e n t   r e s i s t i v e   e l e m e n t s   w h i c h   a r e  



s t o r e d   in  s a i d   memory  m e a n s .  

4.  A  s y s t e m   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i z e d  

in  t h a t   s a i d   c a l c u l a t i n g   means   (3)  is  c o n n e c t e d   t o  

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

h e a t i n g   r e s i s t i v e   e l e m e n t   and  an  a v e r a g e   v a l u e   of  t h e  

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

r e s i s t i v e   e l e m e n t s   a r r a n g e d   on  t h e   r i g h t   and  l e f t   s i d e s  

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

5.  A  s y s t e m   a c c o r d i n g   to  c l a i m   3,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   c a l c u l a t i n g   means   (3)  c o m p r i s e s   a  r e a d   o n l y  

memory   a r r a n g e d   to  r e c e i v e ,   as  a d d r e s s   d a t a ,   t he   i m a g e  

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

r e s i s t i v e   e l e m e n t s   (Ri  to  R 3 2 ) ,   and  s t o r e   t h e   s u p p l y  

e n e r g y   d a t a   and  t h e   s t o r a g e   e n e r g y   d a t a   f o r   one  t h e r m a l  

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

a d d r e s s   d a t a .  

6.  A  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   e a c h   of  t he   s u p p l y   e n e r g y   d a t a   has   a  p l u r a l i t y   o f  

b i t s ,   and  s a i d   c o n t r o l   means   (9 ,   12)  is   a r r a n g e d   t o  

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

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

in  u n i t s   of  c o r r e s p o n d i n g   b i t s ,   so  t h a t   t h e   image  d a t a  

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

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

c o r r e s p o n d i n g   to  t he   n u m b e r   of  b i t s .  

7.  A  s y s t e m   a c c o r d i n g   to  c l a i m   6,  c h a r a c t e r i z e d   i n  

t h a t   s a i d   d r i v e   c i r c u i t   means   c o m p r i s e s :   s h i f t   r e g i s t e r  

m e a n s   (62)   c o n n e c t e d   to  r e c e i v e   t h e   s u p p l y   e n e r g y   d a t a  

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

c o r r e s p o n d i n g   b i t s ;   l a t c h   c i r c u i t   means   (63)   f o r  

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

r e g i s t e r   m e a n s ;   and  e n a b l e   g a t e   c i r c u i t   means   ( 6 4 )  

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

m e a n s   and  s a i d   t h e r m a l   h e a t i n g   r e s i s t i v e   e l e m e n t s   (Ri  t o  

R 3 2 ) ,   s a i d   e n a b l e   g a t e   c i r c u i t   means   (64)   b e i n g   e n a b l e d  

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

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



8.  A  s y s t e m   a c c o r d i n g   to  c l a i m   7,  c h a r a c t e r i z e d   i n  

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

(64)   v a r y   w i t h   b i t s   of  t h e   s u p p l y   e n e r g y   d a t a .  

9.  A  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   t h e   s u p p l y   e n e r g y   d a t a   has   a  p l u r a l i t y   of  b i t s ;   a n d  

s a i d   c o n t r o l   means   (9 ,   12)  c o m p r i s e s  

t e m p o r a r y   memory  means   (RAMB)  f o r   t e m p o r a r i l y  

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

r e s i s t i v e   e l e m e n t s   (Ri  to  R32)  w h i c h   a r e   g e n e r a t e d   f r o m  

s a i d   c a l c u l a t i n g   means   ( 3 ) ,  

m u l t i p l e x e r   means   (MPX)  f o r   s e q u e n t i a l l y   s u p p l y i n g  

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

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

f r o m   s a i d   t e m p o r a r y   memory  m e a n s ,   a n d  

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

(RAMB)  to  r e a d   o u t   t he   s u p p l y   e n e r g y   d a t a   f o r   t h e   n u m b e r  

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

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

m e a n s   (MPX)  to  s u p p l y   t h e   s u p p l y   e n e r g y   d a t a   to  s a i d  

d r i v e   c i r c u i t   means   in  u n i t s   of  c o r r e s p o n d i n g   b i t s ,  

t h e r e b y   r e c o r d i n g   t he   image   d a t a   in  a  t i m e   d i v i s i o n  

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

10.   A  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  

in  t h a t  

s a i d   t h e r m a l   h e a t i n g   r e s i s t i v e   e l e m e n t s   (Ri  to  R 3 2 )  

of  s a i d   t h e r m a l   head   (10)   a r e   d i v i d e d   i n t o   a  p l u r a l i t y  
of  g r o u p s ,  

s a i d   d r i v e   c i r c u i t   means   (62  to  65)  is  d i v i d e d   i n t o  

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

of  g r o u p s ,   a n d  

s a i d   c o n t r o l   means   (9,   12)  c o m p r i s e s   a  p l u r a l i t y   o f  

memory   means   (RAMB(11)  to  RAMB(19))   f o r   t e m p o r a r i l y  

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

c a l c u l a t i n g   means   (3)  in  u n i t s   of  g r o u p s ,   and  means   ( 4 8 ,  

49)  f o r   r e a d i n g   o u t   t he   s u p p l y   e n e r g y   d a t a   f rom  s a i d  

p l u r a l i t y   of  memory  means   to  s u p p l y   r e a d o u t   d a t a   t o  

c o r r e s p o n d i n g   s u b - d r i v e   c i r c u i t   means   of  s a i d   d r i v e  



c i r c u i t   means   in  a  p a r a l l e l   m a n n e r .  

11.   A  m e t h o d   of  r e c o r d i n g   image   d a t a   u s i n g   a  

t h e r m a l   h e a d   h a v i n g   a  n u m b e r   of  t h e r m a l   h e a t i n g  

r e s i s t i v e   e l e m e n t s   a l i g n e d   in  l i n e   and  d r i v e   c i r c u i t  

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

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

w i t h   t h e   image   d a t a   to  r e c o r d   t he   image   d a t a   of  o n e  

l i n e ,   c o m p r i s i n g   of  t h e   s t e p s   o f :  

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

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

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

of   one  l i n e   in  a c c o r d a n c e   w i t h   t he   image   d a t a   of  o n e  

l i n e   to  be  r e c o r d e d   and  s t o r a g e   e n e r g y   s t o r e d   in  e a c h  

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

an  i m m e d i a t e l y   p r e c e d i n g   l i n e   has   b e e n   r e c o r d e d ;  

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

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

in  u n i t s   of  c o r r e s p o n d i n g   b i t s ;   a n d  

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

e v e r y   t i m e   c o r r e s p o n d i n g   b i t s   of  t he   s u p p l y   e n e r g y  
d a t a   is   s u p p l i e d   to  s a i d   d r i v e   c i r c u i t   m e a n s .  

12.   A  m e t h o d   a c c o r d i n g   to  c l a i m   11,   c h a r a c t e r i z e d  

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

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