
J E u r o p a i s c h e s   

Pa ten tamt  

European  Patent  Office  ©  Publication  number:  0  0 7 2   4 9 4  

Office  europeen  des  brevets  A 2  

112 EUROPEAN  PATENT  APPLICATION 

@  Application  number:  82107042.2  ©  Int.  CI.3:  B  41  J  3 / 2 0  

©  Date  of  filing:  04.08.82 

©Priority:  14.08.81  JP  127546/81  ©Applicant:  MITANI  ELECTRONICS  INDUSTRY  CORP. 
6-25-1,  Minami-machi 
Fuchu-shi  Tokyo(JP) 

©  Date  of  publication  of  application: 
23.02.83  Bulletin  83/8  @  Inventor:  Takata,  Mitsuyasu  1-506 

Koyosokushinjigyo-Taku 
@  Designated  Contracting  States:  Aza  Kawaharada  Oaza  Kosamurai  Kitataku-machi 

BE  DE  FR  GB  IT  NL  Taku-shi  Saga-ken(JP) 

©  Representative:  Degwert,  Hartmut,  Dipl.-Phys.  et  al, 
Patentanwalte  Prinz,  Bunke  &  Partner 
Ernsbergerstrasse  19 
D-8000  Munchen  60(DE) 

@  A  thermal  head  apparatus. 

A  thermal  head  which  comprises  a  plurality  of  heating 
resistor  strips  (14, 16)  arranged  in  a  main  scanning  direction 
on  an  insulator  layer  (10).  Each  heating  resistor  strip  (14,  16) 
includes  a  plurality  of  resistor  pieces  (261, 262,...,  281,  282, 
...)  aligned  in  a  main  scanning  direction.  The  resistor  piece 
(281. 262,..., 281, 282,...)  of  each  heating  resistor  strip  (14, 
16)  is  displaced  in  a  main  scanning  direction  so  as  not  to  be 
superposed  in  the  subscanning  direction.  The  resistor  pieces 
(261, 262,...,  281,  282,  ...)  of  each  heating  resistor  strip  (14, 
16)  are  supplied  with  currents  in  response  to  bit  data  at  a 
predetermined  timing  and  are  thus  heated  to  obtain  a  line  of 
recording  dots  for  a  main  scanning  line. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o ' a   t h e r m a l   h e a d  

a p p a r a t u s   w h i c h   can  r e p r o d u c e ,   p r i n t   and  r e c o r d   p i c t u r e  

i n f o r m a t i o n   t r a n s m i t t e d ,   f o r   e x a m p l e ,   in  a  f a c s i m i l e   o r  

the   l i k e   and ,   more  p a r t i c u l a r l y ,   to  a  t h e r m a l   h e a d  

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

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

A  c o n v e n t i o n a l   t h e r m a l   head  of  t h i s   t y p e   used  t o  

r e p r o d u c e   a  p i c t u r e   has  a  number   of  h e a t i n g   r e s i s t o r s  

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

e x t e n d i n g   in  a  main   s c a n n i n g   d i r e c t i o n ,   and  e l e c t r o d e s  

f o r m e d   on  the   h e a t i n g   r e s i s t o r s   fo r   s e l e c t i v e l y  

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

The  t h e r m a l   head   f o r m s   a  d o t t e d   r e c o r d   on  a  h e a t -  

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

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

of  t h e s e   h e a t i n g   r e s i s t o r s .  

More  p a r t i c u l a r l y ,   t r a n s m i s s i o n   i n f o r m a t i o n  

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

d i r e c t i o n   is  t r a n s m i t t e d   f rom  a  t r a n s m i s s i o n   s i t e .  

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

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

h e a t i n g   r e s i s t o r s   a l i g n e d   in  a  main  s c a n n i n g   d i r e c t i o n  

on  the  b a s i s   of  t he   t r a n s m i s s i o n   i n f o r m a t i o n .   As  a  

c o n s e q u e n c e ,   the   t h e r m a l   head   r e p r o d u c e s   an  i m a g e  

c o r r e s p o n d i n g   to  the   t r a n s m i s s i o n   i n f o r m a t i o n   o n  

r e c o r d i n g   p a p e r .   The  r e c o r d i n g   p a p e r   is  s u b s c a n n e d  



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

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

t r a n s m i t t e d   a t   t he   t r a n s m i s s i o n   s i t e   on  the  r e c o r d i n g  

p a p e r .  
When  the   i n t e r v a l   b e t w e e n   a  number   of  h e a t i n g  

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

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

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

q u a l i t y   can  be  r e p r o d u c e d .   When  the   d e n s i t y   of  t h e  

r e c o r d i n g   d o t s   is  i n c r e a s e d ,   h o w e v e r ,   the   i n t e r v a l   b e -  

tween   the   h e a t i n g   r e s i s t o r s   to  be  p a r t i t i o n e d   w i t h  

e l e c t r o d e s   is  s h o r t e n e d .   As  a  r e s u l t ,   the   f a b r i c a t i o n  

of  a  t h e r m a l   head   b e c o m e s   t e c h n i c a l l y   d i f f i c u l t ,   t h e r e b y  

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

w h i c h   has  3  to  6  r e c o r d i n g   d o t s   in  a  r a n g e   of  1  mm  p r o -  
v i d e s   the   b e s t   p i c t u r e   q u a l i t y   and  p r o d u c t i v i t y .  

H o w e v e r ,   in  o r d e r   to  r e p r o d u c e   a  p i c t u r e   of  h i g h e r  

q u a l i t y ,   i t   is  d e s i r e d   to  f o rm  more  t h a n   8  r e c o r d i n g  

d o t s   in  a  r a n g e   of  1  mm. 

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   to  p r o v i d e  

a  t h e r m a l   head  a p p a r a t u s   w h i c h   can  a c c u r a t e l y   r e p r o d u c e  

a  p i c t u r e   of  h i g h e r   q u a l i t y   on  r e c o r d i n g   p a p e r .  

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   head  a p p a r a t u s   wh ich   has  a  s t r u c t u r e  

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

the   q u a l i t y   of  a  p i c t u r e .  

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

head  a p p a r a t u s   w h i c h   c o m p r i s e s :  

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

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

o t h e r   a t   an  i n t e r v a l   on  an  i n s u l a t o r   l a y e r   t he   t o t a l   sum 

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

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

d e s ,   p r o v i d e d   in  p a r a l l e l   w i t h   each   o t h e r   and  i n  

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

s t r i p s   f o r   d i v i d i n g   the   r e s p e c t i v e   r e s i s t o r   s t r i p s   t o  

form  a  p l u r a l i t y   of  r e s i s t o r   p i e c e s   in  such  a  m a n n e r  



t h a t   t he   r e s i s t o r   p i e c e s   b e l o n g i n g   to  the   r e s p e c t i v e  

r e s i s t o r   s t r i p s   a re   not   s u p e r p o s e d   w i t h   each   o t h e r   w i t h  

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

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

des  f o r   s t o r i n g   d a t a   b i t s   c o r r e s p o n d i n g   to  the   r e c o r d i n g  

d o t s   and  s u p p l y i n g   c u r r e n t s   to  the   r e s i s t o r   p i e c e s  

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

w h i c h   is  so  s e t   as  to  s u p p l y   c u r r e n t s   to  the   row  of  t h e  

r e s i s t o r   p i e c e s   when  such   a  row  comes  above   a  d o t t e d  

p o r t i o n   r e c o r d e d   on  r e c o r d i n g   p a p e r   w i t h   t he   row  of  t h e  

r e s i s t o r   p i e c e s   b e l o n g i n g   to  the   p r e v i o u s   r e s i s t o r  

s t r i p ;   w h e r e b y   a  l i n e   of  d o t s   f o r   one  main  s c a n n i n g   l i n e  

is   r e c o r d e d   on  r e c o r d i n g   p a p e r   a f t e r   the   c u r r e n t s   a r e  

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

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

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

head   a p p a r a t u s   h a v i n g   two  h e a t i n g   r e s i s t o r   s t r i p s ,   d o t s  

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

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

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

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

r e c o r d   d o t s   of  t w i c e   the  d e n s i t y   of  the   r e s i s t o r   p i e c e s  

of  the  f i r s t   and  s e c o n d   r e s i s t o r   s t r i p s .   T h e r e f o r e ,   a  

p i c t u r e   t h a t   is  more  a c c u r a t e   and  of  h i g h e r   q u a l i t y   t h a n  

the   c o n v e n t i o n a l   p i c t u r e   can  be  o b t a i n e d .   S i n c e   t h e  

d e n s i t y   of  t he   r e c o r d i n g   d o t s   can  be  i n c r e a s e d   w i t h o u t  

i n c r e a s i n g   the   d e n s i t y   of  t he   r e s i s t o r   p i e c e s   of  t h e  

f i r s t   and  s e c o n d   r e s i s t o r   s t r i p s ,   the   p r o d u c t i v i t y   o f  

the   t h e r m a l   head   a p p a r a t u s   can  be  e n h a n c e d .  

By  way  of  e x a m p l e   and  to  make  the   d e s c r i p t i o n  

c l e a r e r ,   r e f e r e n c e   is  made  to  the  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  p a r t i a l l y   e n l a r g e d   s c h e m a t i c   p e r s p e c -  
t i v e   v iew  of  a  t h e r m a l   head  a p p a r a t u s   a c c o r d i n g   to  o n e  

p r e f e r r e d   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n ;  

F i g .   2  is  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   of  t he   p o r -  
t i o n   shown  in  F i g .   1 ;  



F i g .   3  is  a  v i ew   f o r   e x p l a i n i n g   the   o p e r a t i o n   o f  

t h e   t h e r m a l   head   a p p a r a t u s   shown  in  F ig .   1 ;  

F i g .   4  is  a  c i r c u i t   d i a g r a m   of  the  t h e r m a l   h e a d  

shown  in  F i g .   2  and  a  d r i v e   c i r c u i t   t h e r e f o r ;   a n d  

F i g .   5  is  a  t i m i n g   c h a r t   of  the   s i g n a l s   a p p l i e d   t o  

t h e   c i r c u i t   shown  in  F i g .   4 .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in  m o r e  

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

In  F i g .   1,  f i r s t   and  s e c o n d   r e s i s t o r   s t r i p s   14,  16  

a r e   p r o v i d e d   a t   a  p r e d e t e r m i n e d   i n t e r v a l   in  p a r a l l e l  

w i t h   e a c h   o t h e r   in  a  ma in   s c a n n i n g   d i r e c t i o n   (or   t h e  

c r o s s w i s e   d i r e c t i o n   of  r e c o r d i n g   p a p e r   12)  on  an  i n s u -  

l a t i n g   s u b s t r a t e   10  made  o f ,   f o r   e x a m p l e ,   g l a s s   or  t h e  

l i k e .   The  f i r s t   and  s e c o n d   r e s i s t o r   s t r i p s   14,  16 

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

is   moved  in  a  d i r e c t i o n   d e s i g n a t e d   by  an  a r r o w ,   t h a t   i s ,  

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

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

The  f i r s t   and  s e c o n d   r e s i s t o r s   14,  16  r e s p e c t i v e l y  

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

s c a n n i n g   l i n e ,   and  the   i n t e r v a l   b e t w e e n   the   f i r s t  

r e s i s t o r   14  and  the  s e c o n d   r e s i s t o r   16  is  s e t   c o r r e -  

s p o n d i n g   to  the   d i s t a n c e   w h i c h   the   r e c o r d i n g   p a p e r   12  

moves   t h r o u g h   the   s u b s c a n n i n g ,   d u r i n g   one  main   s c a n n i n g  

p e r i o d   of  t i m e .   The  f i r s t   and  s e c o n d   r e s i s t o r   s t r i p s  

14,  16  have   a  p l u r a l i t y   of  d a t a   e l e c t r o d e s   181 ,   182 ,   . . .  

and  201 ,   202,   . . .   p r o v i d e d   a t   a  p r e d e t e r m i n e d   i n t e r v a l  

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

r e s i s t o r   p i e c e s ,   r e s p e c t i v e l y .   F u r t h e r ,   common  e l e c t r o -  

des   221 ,   222,  . . .   and  241,   242,   . . .   a re   p r o v i d e d   b e t w e e n  

t he   d a t a   e l e c t r o d e s   181 ,   182,   . . .   and  201,   202 ,   . . .   a n d  

t he   r e s i s t o r   p i e c e s   b e t w e e n   the   d a t a   e l e c t r o d e s   1 8 1 ,  

182 ,   . . .   and  201,   202,   . . .   a r e   f u r t h e r   r e s p e c t i v e l y  

d i v i d e d   i n t o   two  s e g m e n t s .   The  r e s i s t o r   p i e c e   i n t e r -  

p o s e d   b e t w e e n   d a t a   e l e c t r o d e s   and  common  e l e c t r o d e s  

f o r m s   one  r e c o r d i n g   u n i t .   The  r e c o r d i n g   u n i t s   2 6 1 ,  

262 ,   . . .   and  281,   282,   . . .   a r e   fo rmed   a l o n g   the   f i r s t  



and  s e c o n d   r e s i s t o r   s t r i p s   14,  1 6 .  

F i g .   2  shows  an  e q u i v a l e n t   c i r c u i t   of  the   p o r t i o n  

shown  in  F i g .   1.  The  p o r t i o n s   w h i c h   a r e   e q u i v a l e n t   t o  

t h o s e   in  F i g .   1  a r e   d e s i g n a t e d   by  the   same  r e f e r e n c e  

n u m e r a l s   as  t h o s e   in  F i g .   1 .  

When  a  c u r r e n t   f l o w s   t h r o u g h   the   r e s i s t o r   p i e c e  

b e t w e e n   a d j a c e n t   d a t a   e l e c t r o d e s   and  common  e l e c t r o d e s ,  

t he   r e s i s t o r   p i e c e   is  h e a t e d .   A  d o t   is  r e c o r d e d   o n  

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

w i t h   the   h e a t e d   r e s i s t o r   p i e c e .  

The  r e c o r d i n g   u n i t s   261,   262,   . . .   on  the  f i r s t  

r e s i s t o r   s t r i p   14  a r e   d i s p l a c e d   by  1/2  of  the  r e c o r d i n g  

u n i t   w i d t h   of  t he   r e c o r d i n g   u n i t s   281 ,   282,   . . .   w i t h  

r e s p e c t   to  t he   ma in   s c a n n i n g   d i r e c t i o n   on  the   s e c o n d  

r e s i s t o r   s t r i p   1 6 .  

The  f i r s t   and  s e c o n d   h e a d s   30,  32  e x t e n d i n g   in  t h e  

r e c o r d i n g - p a p e r   c r o s s w i s e   d i r e c t i o n   a r e   fo rmed   of  t h e  

f i r s t   and  s e c o n d   r e s i s t o r   s t r i p s   14,  16  t h u s  

c o n s t r u c t e d .  

A c c o r d i n g   to  the   t h e r m a l   head  t h u s   c o n s t r u c t e d ,  

d o t s   361,   362 ,   . . .   r e c o r d e d   by  the   s e c o n d   head  32  a r e  

d i s p o s e d ,   as  shown  in  F i g .   3,  b e t w e e n   the   d o t s   3 4 1 ,  

3 4 2 ,  . . .   r e c o r d e d   by  the   f i r s t   head   30.  T h e r e f o r e ,   a s  

d e s c r i b e d   a b o v e ,   the   i n t e r v a l   b e t w e e n   the   f i r s t   head   30 

and  the   s e c o n d   head   32  is  s e t   c o r r e s p o n d i n g   to  t h e  

d i s t a n c e   c o v e r e d   by  the   moving   r e c o r d i n g   p a p e r   d u r i n g  

one  main  s c a n n i n g   p e r i o ' d   of  t i m e .   T h u s ,   as  shown  i n  

F i g .   3,  the   d o t s   361,   362,   . . .   r e c o r d e d   by  the  s e c o n d  

head  32  a re   i n s e r t e d   b e t w e e n   the  d o t s   341,   342,  . . .  
r e c o r d e d   by  the   f i r s t   head  30  to  form  a  l i n e   of  d o t s  

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

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

r e c o r d e d   by  a  head   f o r m e d   of  o n l y   one  r e s i s t o r   s t r i p ,  

t he   u n i t   do t   i n t e r v a l   in  t h i s   e m b o d i m e n t   is  1/2  t h a t   o f  

the  c o n v e n t i o n a l   d e v i c e .   In  o t h e r   w o r d s ,   the  r e c o r d i n g  

do t   d e n s i t y   of  t h i s   e m b o d i m e n t   of  the   p r e s e n t   i n v e n t i o n  

b e c o m e s   t w i c e   t h a t   of  the   c o n v e n t i o n a l   o n e .  



For   e x a m p l e ,   the   f i r s t   and  s e c o n d   h e a d s   30,  32  a r e  

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

1  mm  of  the   r e c o r d i n g   b a n d s   14,  16.  T h u s ,   in  e f f e c t ,   12 

d o t s   a re   r e c o r d e d   w i t h   a  r a n g e   of  1  mm  of  t he   r e s i s t o r  

b a n d s   14,  16.  In  t h i s   m a n n e r ,   a  p i c t u r e   of  h i g h   d e n s i t y  

and  e x c e l l e n t   r e s o l u t i o n   can  be  r e p r o d u c e d .  

F i g .   4  shows  a  c i r c u i t   d i a g r a m   s h o w i n g   t he   t h e r m a l  

h e a d s   30,  32  shown  in  F i g .   2  and  a  d r i v e   c i r c u i t   f o r  

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

The  common  e l e c t r o d e s   221 ,   222,   . . .   and  2 4 1 ,   2 4 2 ,  

. . .   of  the   f i r s t   and  s e c o n d   head   30,  32  a re   a l t e r n a t e l y  

c o n n e c t e d   t h r o u g h   i s o l a t i n g   d i o d e s   401 ,   402,   . . .   a n d  

4 2 1 ,   422 ,   . . .   to  common  l i n e s   C1,  C2,  and  C 1 ' ,   C 2 ' ,  

r e s p e c t i v e l y .   Common  c u r r e n t s   SC1,  SC2  and  S C 1 ' ,   S C 2 '  

of  d i f f e r e n t   t i m i n g s   (or   d i f f e r e n t   p h a s e s )   shown  i n  

F i g s .   5D,  5E,  5G,  5H  a r e   s u p p l i e d   to  t h e s e   common  l i n e s  

C l ,   C2,  and  C l ' ,   C 2 ' .   When  t h e s e   common  c u r r e n t s   of  t w o  

t y p e s   a re   e m p l o y e d ,   the   b i t   d a t a   Dl  c o r r e s p o n d i n g   to  t h e  

r e c o r d i n g   d o t s   can  be  d i v i d e d   i n t o   two  g r o u p s   f o r   u s e .  

The  d i o d e s   401 ,   402 ,   . . .   form  the   f i r s t   common  s i g n a l  

s u p p l y i n g   means   411,   and  the   d i o d e s   421,   422,   . . .   f o r m  

t h e   s e c o n d   common  s i g n a l   s u p p l y i n g   means   4 1 2 .  

The  d a t a   e l e c t r o d e s   181,   182 ,   . . .   and  201,   202 ,   . . .  
of  the   f i r s t   and  s e c o n d   h e a d s   30,  32  a re   r e s p e c t i v e l y  

c o n n e c t e d   to  the   o u t p u t   t e r m i n a l s   of  NAND  g a t e s   4 4 1 ,  

442 ,   . . .   and  461 ,   462 ,   . . . .   A  s t r o b e   s i g n a l   STRl  s h o w n  

in  F i g .   5F  is  s u p p l i e d   as  a  g a t e   s i g n a l   t h r o u g h   a  b u f f e r  

a m p l i f i e r   48  to  one  of  t he   i n p u t   t e r m i n a l s   of  e a c h   o f  

t he   NAND  g a t e s   441 ,   442 ,   . . . .   On  the  o t h e r   h a n d ,   a  

s t r o b e   s i g n a l   STR2  shown  in  F i g .   5I  is  s u p p l i e d   as  a  

g a t e   s i g n a l   t h r o u g h   a  b u f f e r   a m p l i f i e r   50  to  one  of  t h e  

i n p u t   t e r m i n a l s   of  e a c h   of  t he   NAND  g a t e s   461,   462 ,   . . . .  

Data   s t o r e d   in  t r i g g e r   f l i p - f l o p s   521,   5 2 2 ,  . . .   a r e  

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

441,   442,   . . . .   On  the   o t h e r   h a n d ,   d a t a   s t o r e d   i n  

t r i g g e r   f l i p - f l o p s   541,   542,   . . .   a r e   s u p p l i e d   to  t h e  

o t h e r   i n p u t   t e r m i n a l s   of  the   NAND  g a t e s   461,   462 ,   . . . .  



The  f l i p - f l o p s   521 ,   522,   . . .   form  a  s h i f t   r e g i s t e r ,  

and  b i t   d a t a   Dl  shown  in  F i g .   5B  c o r r e s p o n d i n g   to  t h e  

common  c u r r e n t   SC1  a r e   s e q u e n t i a l l y   s u p p l i e d   t h r o u g h   a  

b u f f e r   a m p l i f i e r   56  in  a  s e r i a l   m a n n e r ,   and  the   s e c o n d  

b i t   d a t a   D2  shown  in  F i g .   5B  c o r r e s p o n d i n g   to  the   common 

c i r c u i t   SC2  are   s i m i l a r l y   s u p p l i e d .   S i m i l a r l y ,   t h e  

f l i p - f l o p s   541,   542 ,   . . .   form  a  s h i f t   r e g i s t e r ,   and  b i t  

d a t a   D2  c o r r e s p o n d i n g   to  the   common  c u r r e n t   SC1'  s h o w n  

in  F i g .   5C .  a r e   s e q u e n t i a l l y   s u p p l i e d   in  a  s e r i a l   m a n n e r ,  

and  the  s e c o n d   b i t   d a t a   D2  shown  in  F i g .   5C  c o r r e -  

s p o n d i n g   to  the  common  c u r r e n t   SC2'  a r e   s i m i l a r l y  

s u p p l i e d .  

S h i f t   p u l s e s   S P l ,   SP2  a re   r e s p e c t i v e l y   s u p p l i e d  

t h r o u g h   i n v e r t e r s   60  and  62  to  the   i n v e r t i n g   t r i g g e r  

i n p u t   t e r m i n a l s   of  t he   f l i p - f l o p s   521 ,   5 2 2 ,  . . .   and  5 4 1 ,  

542 ,   . . . .  

The  NAND  g a t e s   441,   442,   . . . ,   f l i p - f l o p s   521,   5 2 2 ,  

. . .   b u f f e r   a m p l i f i e r s   48,  56  and  i n v e r t e r   60  form  t h e  

f i r s t   d a t a   s i g n a l   s u p p l y i n g   means  611.   S i m i l a r l y ,   t h e  

NAND  g a t e s   461,   462 ,   . . .   f l i p - f l o p s   541,   542,   . . .   b u f f e r  

a m p l i f i e r s   50,  58  and  i n v e r t e r   62  form  the   s e c o n d   d a t a  

s i g n a l   s u p p l y i n g   means   6 1 2 .  

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

w i l l   now  be  d e s c r i b e d .   The  f i r s t   head   32  is  d r i v e n   a s  

b e l o w .   The  f i r s t   r e c o r d i n g   b i t   d a t a   Dl  shown  in  F i g .   5B 

a r e   s e r i a l l y   s u p p l i e d   to  the  t r i g g e r   f l i p - f l o p s   5 2 1 ,  

5 2 2 ,  . . .   f o r m i n g   a  s h i f t   r e g i s t e r   c o r r e s p o n d i n g   to  t h e  

f i r s t   head   32.  The  s h i f t   p u l s e   SPl  shown  in  F i g .   5A  i s  

s u p p l i e d   in  s y n c h r o n i s m   w i t h   the  s u p p l y   of  the   d a t a   D l .  

As  a  c o n s e q u e n c e ,   the   f i r s t   r e c o r d i n g   b i t   d a t a   Dl  a r e  

s t o r e d   in  the   f l i p - f l o p s   5 2 1 ,  5 2 2 ,  . . . .  

A  common  s i g n a l   SC1  is  s u p p l i e d   to  t he   common  l i n e  

Cl  in  t h i s   s t a t e .   S i m u l t a n e o u s l y ,   the   s t r o b e   s i g n a l  

STR1  is  s u p p l i e d   to  the  NAND  g a t e s   441,   442,   . . . .   As  a  

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

t h a t   i s ,   the   r e c o r d i n g   u n i t s   b e t w e e n   the   common  e l e c t r o -  

des   221,   222,   . . .   c o n n e c t e d   w i t h   the  common  l i n e   Cl  a n d  



t h e   d a t a   e l e c t r o d e s   181 ,   182,   . . .   c o r r e s p o n d i n g   to  t h e  

f i r s t   r e c o r d i n g   b i t   d a t a   Dl ,   and  t h i s   p o r t i o n   is  t h u s  

h e a t e d .   C o n s e q u e n t l y ,   a  do t   r e c o r d i n g   is  c a r r i e d   o u t .  

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

a l t e r n a t e l y   c o n t r o l l e d .  

S u b s e q u e n t l y ,   the   s e c o n d   b i t   d a t a   Dl  shown  i n  

F i g .   5B  and  d i s p o s e d   b e t w e e n   the   f i r s t   b i t   d a t a   Dl  a r e  

s e r i a l l y   s u p p l i e d   to  the   f l i p - f l o p s   521,   522,   . . . .   T h e  

s h i f t   p u l s e   SP1  is  s u p p l i e d   in  s y n c h r o n i s m   w i t h   t h e  

s u p p l y   of  the   s e c o n d   d a t a   Dl.  As  a  r e s u l t ,   t he   s e c o n d  

r e c o r d i n g   b i t   d a t a   Dl  i s   s t o r e d   in  t he   f l i p - f l o p s   5 2 1 ,  

522 ,   . . . .  

In  t h i s   s t a t e ,   the   common  s i g n a l   SC2  is  s u p p l i e d   t o  

the   common  l i n e   C2.  S i m u l t a n e o u s l y ,   the   s t r o b e   s i g n a l  

STR1  is  s u p p l i e d   to  the   NAND  g a t e s   441 ,   442,   . . . .  

C o n s e q u e n t l y ,   a  c u r r e n t   f l o w s   t h r o u g h   the  r e s i s t o r   p i e c e  

( r e c o r d i n g   u n i t )   b e t w e e n   the   common  e l e c t r o d e s   2 2 1 ,  

222 ,   . . .   c o n n e c t e d   to  the   common  l i n e   C2  and  the  d a t a  

e l e c t r o d e s   181,   182 ,   . . .   c o r r e s p o n d i n g   to  the  s e c o n d  

r e c o r d i n g   b i t   d a t a   Dl,  and  t h i s   p o r t i o n   is  h e a t e d .   As  a  

r e s u l t ,   a  do t   r e c o r d i n g   is  c a r r i e d   o u t .   In  t h i s   m a n n e r ,  

t he   r e c o r d i n g   o p e r a t i o n   of  the   f i r s t   s t e p   r e l a t i v e   t o  

one  main  s c a n n i n g   l i n e   by  the   f i r s t   head   30  i s  

c o m p l e t e d .  

The  r e c o r d i n g   o p e r a t i o n   is  c a r r i e d   ou t   a g a i n   w h e n  

the   r e c o r d i n g   p a p e r   12  is   s u b s c a n n e d   and  the  s e c o n d   h e a d  

32  is  moved  o n t o   the   d o t t e d   p o r t i o n   by  the   f i r s t   head   30 

a f t e r   the   i n i t i a l   r e c o r d i n g   by  the   f i r s t   head  30  i s  

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

r e c o r d i n g   o p e r a t i o n   of  the   f i r s t   head   30.  As  a  c o n -  

s e q u e n c e ,   the   r e c o r d i n g   d o t s   made  by  the   s e c o n d   head  32 

a r e   f o rmed   b e t w e e n   the   r e c o r d i n g   d o t s   made  by  the  f i r s t  

head   30  as  shown  in  F i g .   3 .  

Such  a  t h e r m a l   head   can  be  e f f e c t i v e l y   f o r m e d   by  a  

t h i c k   f i l m   p r i n t i n g   t e c h n i q u e .   In  o t h e r   w o r d s ,   r e s p e c -  

t i v e   e l e c t r o d e s   a re   p r o j e c t e d   and  f o r m e d   as  shown  i n  

F i g .   1  by  the   t h i c k   f i l m   p r i n t i n g   on  an  i n s u l a t i n g  



s u b s t r a t e .   S u b s e q u e n t l y ,   r e s i s t o r   s t r i p s   a r e   so  f o r m e d  

as  to  c o n n e c t   and  to  c r o s s   the   r e s p e c t i v e   e l e c t r o d e s   a s  

shown  in  F i g .   1.  T h e r e a f t e r ,   a  ha rd   g l a s s   c o a t i n g   l a y e r  

is  f o r m e d   on  the   r e s i s t o r   s t r i p s   i n c l u d i n g   the   r e s p e c -  

t i v e   e l e c t r o d e s .   T h u s ,   t he   h e a t e r   p o r t i o n   is  so  f o r m e d  

as  to  i m p r o v e   the   c o n t a c t   b e t w e e n   the   h e a t e r   and  t h e  

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

d u c i n g   the   r e c o r d i n g   d o t s   w i t h   the   r e s p e c t i v e   r e c o r d i n g  

u n i t s .  

S i n c e   the   r e c o r d i n g   d e n s i t y   of  a  f a c s i m i l e   a t   p r e -  

s e n t   is  o r d i n a r i l y   8  d o t s   p e r   1  mm,  the   r e c o r d i n g   d e n -  

s i t y   of  the   f i r s t   and  s e c o n d   h e a d s   30,  32  may  be,   w h e n  

the   e m b o d i m e n t   of  t h i s   i n v e n t i o n   is  a p p l i e d   t h e r e t o ,   4 

d o t s   pe r   1  mm.  T h e r e f o r e ,   the   r e c o r d i n g   u n i t   w i d t h   o r  

the   r e s i s t o r   p i e c e   w i d t h   in  the  f i r s t   and  s e c o n d   h e a d s  

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

f a b r i c a t i o n   of  t he   h e a d s   can  be  f a c i l i t a t e d ,   and  t h e  

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

be  e n h a n c e d .  

The  p r e s e n t   i n v e n t i o n   is  not   l i m i t e d   to  the  p a r -  

t i c u l a r   e m b o d i m e n t   d e s c r i b e d   a b o v e .   For  e x a m p l e ,   in  t h e  

e m b o d i m e n t   d e s c r i b e d   a b o v e ,   two  s e t s   of  h e a d s   30,  32  a r e  

e m p l o y e d .   H o w e v e r ,   t h r e e   s e t s   of  h e a d s   may  be  u s e d .  

F u r t h e r ,   in  the   e m b o d i m e n t   d e s c r i b e d   a b o v e ,   t h e  

r e c o r d i n g   d o t s   a r e   a l i n g e d   on  the  same  l i n e   by  the  t w o  

s e t s   of  h e a d s   30,  32.  H o w e v e r ,   the   r e c o r d i n g   d o t s   may 

be  d i s p l a c e d   in  s u b s c a n n i n g   d i r e c t i o n .   In  the   e m b o d i -  

m e n t s   d e s c r i b e d   a b o v e ,   the   r e c o r d i n g   p a p e r   is  m o v e d .  

H o w e v e r ,   the   h e a d s   30,  32  may  be  m o v e d .  

Of  c o u r s e ,   o t h e r   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   the  s p i r i t   and  s c o p e   of  the   p r e s e n t  

i n v e n t i o n .  



1.  A  t h e r m a l   head   a p p a r a t u s ,   h a v i n g   a  p l u r a l i t y   o f  

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

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

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

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

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

d i r e c t i o n ,   c h a r a c t e r i z e d   in  t h a t   s a i d   a p p a r a t u s  

c o m p r i s e s :  

a  p l u r a l i t y   of  h e a t i n g   r e s i s t o r   s t r i p s   (14,   1 6 ) ,  

p r o v i d e d   on  an  i n s u l a t o r   l a y e r   to  e x t e n d   in  a  m a i n  

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

i n t e r v a l   the   t o t a l   sum  of  wh ich   i n t e r v a l s   is  s e t   c o r r e -  

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

s c a n n i n g   p e r i o d   of  t i m e ;  

a  p l u r a l i t y   of  e l e c t r o d e s   ( 1 8 1 ,   182 ,   . . . ,   2 0 1 ,  

2 0 2 ,   . . . ,  2 2 1 ,  2 2 2 ,   . . . ,  2 4 1 ,  2 4 2 ,   . . . ) ,   p r o v i d e d   i n  

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

p l u r a l i t y   of  h e a t i n g   r e s i s t o r   s t r i p s   ( 2 4 ,   26)  f o r  

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

p l u r a l i t y   of  r e s i s t o r   p i e c e s   ( 2 6 1 ,   262,   . . . ,   281,   2 8 2 ,  

. . . )   in  such  a  m a n n e r   t h a t   s a i d   r e s i s t o r   p i e c e s   ( 2 6 1 ,  

2 6 2 ,   . . . ,   281,   282,   . . . )   b e l o n g i n g   to  s a i d   r e s p e c t i v e  

r e s i s t o r   s t r i p s   (14 ,   16)  a re   no t   s u p e r p o s e d   w i t h   e a c h  

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

c u r r e n t   s u p p l y i n g ' m e a n s   ( 4 1 1 ,   412 ,   611 r   6 1 2 ) ,   c o n -  

n e c t e d   to  s a i d   p l u r a l i t y   of  e l e c t r o d e s   ( 1 8 1 ,   182,   . . . ,  
2 0 1 ,  2 0 2 ,   . . . ,   221 ,   222 ,   . . . ,   241,   242,   . . . ) ,   f o r  

s t o r i n g   d a t a   b i t s   c o r r e s p o n d i n g   to  t he   r e c o r d i n g   d o t s   t o  

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

r e s i s t o r   p i e c e s   ( 2 6 1 ,   262,   . . . ,   281,  282,   . . . )   b e l o n g i n g  

to  s a i d   r e s p e c t i v e   r e s i s t o r   s t r i p s   (14 ,   16)  at  a  t i m i n g  

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

p i e c e s   ( 2 8 1 ,   282,   . . . )   when  a  row  of  r e s i s t o r   p i e c e s  

( 2 8 1 ,   282,   . . . )   b e l o n g i n g   to  s a i d   r e s i s t o r   s t r i p   ( 1 6 )  

comes   above   the   d o t t e d   p o r t i o n   r e c o r d e d   on  r e c o r d i n g  



p a p e r   by  a  row  of  s a i d   r e s i s t o r   p i e c e s   ( 2 6 1 ,   262,   . . . )  

b e l o n g i n g   to  s a i d   p r e v i o u s   r e s i s t o r   s t r i p   ( 1 4 ) ;  

w h e r e b y   a  l i n e   of  d o t s   f o r   the   main   s c a n n i n g   l i n e  

is  r e c o r d e d   on  r e c o r d i n g   p a p e r   a f t e r   c u r r e n t s   a r e  

s u p p l i e d   to  a l l   t he   r e s i s t o r   p i e c e s   ( 2 6 1 ,   262 ,   . . . ,   2 8 1 ,  

282 ,   . . . )   b e l o n g i n g   to  s a i d   p l u r a l i t y   of  h e a t i n g  

r e s i s t o r   s t r i p s   ( 14 ,   1 6 ) .  

2.  A  t h e r m a l   head   a p p a r a t u s   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   p l u r a l i t y   of  h e a t i n g   r e s i s t o r  

s t r i p s   (14 ,   16)  c o m p r i s e   a  f i r s t   h e a t i n g   r e s i s t o r   s t r i p  

(14)   and  a  s e c o n d   h e a t i n g   r e s i s t o r   s t r i p   ( 1 6 ) .  

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

or  2,  c h a r a c t e r i z e d   in  t h a t   s a i d   p l u r a l i t y   of  e l e c t r o d e s  

( 1 8 1 ,   182 ,   . . . ,   201 ,   202 ,   . . . ,   221 ,   222 ,   . . . ,   241,   2 4 2 ,  

. . . )   c o m p r i s e   a  p l u r a l i t y   of  d a t a   e l e c t r o d e s   (181 ,   1 8 2 ,  

. . . ,   201,   202,   . . . )   and  common  e l e c t r o d e s   ( 2 2 1 ,   2 2 2 ,  

. . . ,   241,   242,   . . . )   d i s p o s e d   b e t w e e n   s a i d   d a t a   e l e c t r o -  

d e s .  

4.  A  t h e r m a l   head  a p p a r a t u s   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   the   r e s i s t o r   p i e c e s   ( 2 6 1 ,   2 6 2 ,  

. . . )   d i v i d e d   by  s a i d   d a t a   e l e c t r o d e s   ( 1 8 1 ,   182,   . . . )   a n d  

s a i d   common  e l e c t r o d e s   ( 2 2 1 ,   222,   . . . )   of  s a i d   f i r s t  

h e a t i n g   r e s i s t o r   s t r i p   (14)  a re   d i s p l a c e d   by  1/2  of  t h e  

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

t i o n   from  the   r e s i s t o r   p i e c e s   ( 281 ,   282 ,   . . . )   d i v i d e d   b y  

s a i d   d a t a   e l e c t r o d e s   ( 2 0 1 ,   202,  . . . )   and  s a i d   common 

e l e c t r o d e s   (241 ,   242 ,   . . . )   of  s a i d   s e c o n d   h e a t i n g  

r e s i s t o r   s t r i p   ( 1 6 ) .  

5.  A  t h e r m a l   head  a p p a r a t u s   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 u r r e n t   s u p p l y i n g   means  ( 4 1 1 ,  

412,   611,   612)  c o m p r i s e s   b o t h   a  common  c u r r e n t   s u p p l y i n g  

means   (411 ,   412)  f o r   s u p p l y i n g   a  common  c u r r e n t   to  s a i d  

common  e l e c t r o d e s ,   ( 221 ,   222,  . . . ,   241,   242 ,   . . . )   and  a 

d a t a   s u p p l y i n g   means   ( 6 1 1 ,   612)  fo r   s u p p l y i n g   d a t a   t o  

s a i d   d a t a   e l e c t r o d e s   ( 1 8 1 ,  1 8 2 ,   . . . ,   201,   202,   . . . )   a n d  

a l s o   s u p p l i e s   c u r r e n t s   to  s a i d   r e s i s t o r   p i e c e s   c o r r e -  

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



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

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

6.  A  t h e r m a l   head   a p p a r a t u s   a c c o r d i n g   to  c l a i m   5 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   d a t a   s u p p l y i n g   means   ( 6 1 1 ,  

612)  c o m p r i s e s   a  s h i f t   r e g i s t o r .  
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