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paper  support  11,  conductive  film  12  and  printing  layer  13 
associated  with  writing  current  probes  31  and  35  and 
common  return  electrode  5.  A  printed  letter  P  is  shown. 

The  layer  13  comprises  a  thermally  sensitive  image 
forming  compound  and  a  finely  divided  conductive  material  /  
embedded  in  a  suitable  carrier.  The  carrier  may  comprise  a  /   /, 
polymer  binder  e.e.  polycarbonate,  polyester,  polyurethane,  /  
Kapton*  and  the  conductive  material  may  comprise  sus-  /   /fc-ll 
pended  particles  of,  for  example,  zinc  iodide,  zinc  oxide,  tin 
oxide,  titanium  dioxide  or  a  mixture.  The  image  forming  ^^/Wl^  °  
compound  may  comprise  for  example  silver  behenate,  ^ 5 ^ /   /^/'/  / 

^   leucoform  triphenylmethane  dye.  Appropriate  dye  precur-  1 -̂  ̂   V  V  \:  {  V  (  
^   sors  and/or  a  roughening  agent  may  also  be  present.  n--\  \  \ \ \   \  N 

w  

w  

to  

r -  

O  

0 .  
LU 

Croydon  Printing  Company  Ltd. 

T h e   drawing  illustrates  a  printable  medium  1  comprising 
paper  support  11,  conductive  film  12  and  printing  layer  13 
associated  with  writing  current  probes  31  and  35  and 
common  return  electrode  5.  A  printed  letter  P  is  shown. 

The  layer  13  comprises  a  thermally  sensitive  image 
forming  compound  and  a  finely  divided  conductive  material 
embedded  in  a  suitable  carrier.  The  carrier  may  comprise  a 
polymer  binder  e.e.  polycarbonate,  polyester,  polyurethane, 
Kapton*  and  the  conductive  material  may  comprise  sus- 
pended  particles  of,  for  example,  zinc  iodide,  zinc  oxide,  tin 
oxide,  titanium  dioxide  or  a  mixture.  The  image  forming 
compound  may  comprise  for  example  silver  behenate, 
leucoform  triphenylmethane  dye.  Appropriate  dye  precur- 
sors  and/or  a  roughening  agent  may  also  be  present. 



The  i n v e n t i o n   r e l a t e s   to  p r i n t a b l e   media  for  use  in  non- impact   p r i n t i n g  

and  methods  of  producing  such  media.  The  i nven t ion   is  p a r t i c u l a r l y  

concerned  with  an  e l e c t r o t h e r m i c   p r i n t i n g   m a t e r i a l   on  which  p r i n t i n g  

takes   p lace   w i thou t   impact  and  wi thout   a p p l i c a t i o n   of  e x t e r n a l   h e a t ,   by 

a p p l i c a t i o n   of  e l e c t r i c   cu r r en t s   at  s e l e c t e d   p r i n t   element  p o s i t i o n s .  

There  are  a  number  of  p r io r   ar t   non- impact   p r i n t i n g   t e c h n i q u e s ,  

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

image  forming  t e chn iques   to  a l t e r   the  pigment  c o l o r a t i o n   of  a r e a s  

exposed  to  r a d i a t i o n ,   and  var ious   o f f s e t   t e chn iques   i n c l u d i n g  

e l e c t r o s t a t i c   image  development  with  t one r s   according  to  copying  machine  

t e c h n i q u e s .   These  t echn iques   may  be  b roadly   c h a r a c t e r i s e d   as  t r e a t e d  

paper  and  p l a i n   paper  t e c h n i q u e s .  

Each  o f  t h e   p r i o r   a r t   t echn iques   has  i t s   own  advantages  and 

d i s a d v a n t a g e s ,   and  t r a d e o f f s   may  be  found.  Three  pa ramete r s   a r e  

paramount  in  most  s i t u a t i o n s ,   as  f o l l o w s :  

1.  Paper  c o s t ,  

2.  Inves tment   in  p r i n t e r ,  

3.  P r i n t   q u a l i t y .  

For  c e r t a i n   h i g h - q u a l i t y   a p p l i c a t i o n s   of  low volume,  image  f o r m i n g  

t e c h n i q u e s   such  as  photography  may  be  used.  At  h igher   volumes,   however ,  

the  cost   of  image  forming  t r e a t e d   paper  may  be  p r o h i b i t i v e .   For  h i g h  

volume  a p p l i c a t i o n s ,   paper  cost  becomes  the  major  c r i t e r i o n   for  c h o i c e ,  

and  i t   becomes  advantageous  to  make  a  s i g n i f i c a n t   inves tment   in  p r i n t e r  

equipment  in  order   to  use  p la in   p a p e r .  

There  is  a  c l a s s   of  medium  volume  users   in  which  a  r e l a t i v e l y  

i n e x p e n s i v e   t r e a t e d   paper ,   even  though  somewhat  more  cos t ly   than  p l a i n  

paper ,   is  economica l ly   advantageous  because  the  r e l a t e d   inves tmen t   i n  



p r i n t e r   equipment   p rov ides   s u f f i c i e n t   savings   to  outweigh  the  ex t ra   c o s t  

of  t r e a t e d   pape r .   C e r t a i n   uses  demanding  high  r e l i a b i l i t y   might  a c c e p t  

the  e x t r a   cos t   of  t r e a t e d   paper  in  o rder   to  permi t   the  use  of  r e l a t i v e l y  

e x p e n s i v e ,   but   very  r e l i a b l e   p r i n t e r   equipment ,   even  though  the  t o t a l  

cost   might  be  g r e a t e r   than  t h a t   of  a  p l a i n   paper  s y s t e m .  

The  t r e a t e d   paper   sys tems,   in  o rde r   of  paper   cos t ,   a r e :  

1.  p h o t o g r a p h i c ,  

2.  t h e r m a l ,  

3.  e l e c t r o e r o s i o n .  

For  volume  p r i n t i n g ,   thermal   t e c h n i q u e s   p rov ide   a  high  q u a l i t y   but  a r e  

r e l a t i v e l y   slow  because  of  the  need  for   the  p r i n t   element  to  c o o l  

between  a c t i v a t i o n s .   E l e c t r o e r o s i o n   does  not  r e q u i r e   p r i n t   e l e m e n t  

coo l ing   but   can  be  u n r e l i a b l e   because   the  removed  m a t e r i a l   o f t en   t e n d s  

to  be  r e d e p o s i t e d   on  the  p r i n t   head  and  s i g n i f i c a n t l y   a f f e c t   p r i n t  

q u a l i t y .  

In  both  t he rma l   p r i n t i n g   and  e l e c t r o e r o s i o n   p r i n t i n g   the  p r i n t   e l e m e n t  

may  be  s u b j e c t e d   to  wear  because   of  the  need  for  good  thermal   c o n t a c t   o r  

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

Various  t e c h n i q u e s   for  t r e a t e d   paper   p r i n t i n g   may  be  t y p i f i e d   by  t h e  

f o l l o w i n g   p r i o r   p a t e n t s :  

U.  S.  P a t e n t   3 ,074 ,809 ,   Owen,  HEAT-SENSITIVE  COPYING-PAPER,  January  22 ,  

1963.  Heat  s e n s i t i v e   back  p r i n t i n g   copying  us ing  a  c a r r i e r ,   a  h e a t  

s e n s i t i v e   l a y e r   and  a  p r o t e c t i v e   l a y e r .   The  heat   s e n s i t i v e   l a y e r ,   which  

may  be  an  o r g a n i c -   acid  s a l t   of  a  noble  metal   ( e . g . ,   s i l v e r   behenate)   i s  

reduced  by  the  heat   of  b lack  p o r t i o n s   of  the  item  to  be  c o p i e d .  

U.  S.  P a t e n t   3 ,320 ,089 ,   Bourgeo i s ,   METHOD  OF  MAKING  BLUSH  COATED 

RECORDING  SHEET,  COATED  SHEET  AND  COATING  COMPOSITION,  May  16,  1967. 

Mul t i -   l a y e r   t r e a t e d   s t y l u s - p r i n t i n g   heat   s e n s i t i v e   paper  using  a 



blushed   layer   which  is  rendered   c lea r   by  loca l   heat   so  as  to  expose  t h e  

u n d e r l y i n g   dark  l a y e r .  

U.  S.  Pa ten t   3 ,425 ,858 ,   Echeagaray,   HEAT  SENSITIVE  RECORDING  MATERIAL, 

February   4,  1969.  Stylus   p r i n t i n g   t r e a t e d   heat  s e n s i t i v e   paper  with  a 

p h e n o l p h t a l e i n / a c i d / a l k a l i   oxide  composite  opaque  l a y e r .   The  compos i t e  

is  of  adequate  pH  for  a  white  i n d i c a t i o n .   Local  heat   causes  the  a l k a l i  

to  a c t i v a t e   the  p h e n o l p h t a l e i n   as  a  r e s u l t   of  the  fo rmat ion   o f  

hydrox ides   which  decrease   the  pH  and  r e s u l t   in  a  l o c a l i z e d   r e d  

i n d i c a t i o n   by  the  p h e n o l p h t a l e i n .  

U.  S.  Pa ten t   4 ,042 ,936 ,   Yoshikawa,  ELECTRO-  SENSITIVE  RECORDING  METHOD, 

August  16,  1977.  M u l t i l a y e r   the rmograph ic   e ros ion   p r i n t i n g   by  

conduc t ion   of  cu r r en t   from  a  conduc t ive   layer   (on  a  paper   s u b s t r a t e )  

through  a  dark  conduct ive   i n t e r m e d i a t e   l ayer   and  a  n o n - c o n d u c t i v e   w h i t e  

su r f ace   l aye r .   The  white  su r face   layer   is  d e s t r o y e d ,   l e av ing   t h e  

v i s i b l e   image  of  the  dark  i n t e r m e d i a t e   layer   showing  as  p r i n t i n g .  

U.  S.  P a t e n t ,   4 ,273 ,602 ,   Kosaka  et  a l ,   HEAT-  SENSITIVE  RECORDING 

MATERIAL,  June  16,  1981.  Heat  s e n s i t i v e   t r a n s f e r   p r i n t i n g .  

U.  S.  Pa t en t ,   4 ,305,082,   Kusakawa  et  al ,   ELECTRIC  RECORDING  SYSTEM  AND 

ELECTRIC  HEAT  RECORDING  SHEET,  December  8,  1981,  shows  a  heat   s e n s i t i v e  

p r i n t i n g   m a t e r i a l   in  which  heat   is  genera ted   ad j acen t   to  a  s t y lus   by  an 

arc  or  a  cu r r en t   from  the  s t y lu s   through  a  r e s i s t a n c e   l aye r   to  a  

conduc t ive   metal  l aye r ,   and  p r i n t i n g   occurs  in  an  u n d e r l y i n g   t h e r m o -  

graphic   layer   heated  by  heat   from  the  arc  or  the  r e s i s t a n c e   t r a n s m i t t e d  

by  conduct ion   through  the  conduct ive   m e t a l .  

SUMMARY  OF  THE  INVENTION 

The  i nven t ion   is  a  composite  e l e c t r o t h e r m i c   p r i n t i n g   m a t e r i a l   i . e .   a 

p r i n t a b l e   medium  ope ra t ing   by  s e l e c t i v e   a p p l i c a t i o n   of  e l e c t r i c   c u r r e n t  

to  s e l e c t e d   p r i n t   e lements .   The  m a t e r i a l   inc ludes   a  s u b s t r a t e   t r e a t e d  

with  a  conduct ive   composite  e l e c t r o t h e r m i c   layer   of  polymer  con t a in ing   a 



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

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

l o c a l i z e d   h e a t i n g   of  a reas   of  conduc t ive   m a t e r i a l   w i th in   the  compos i t e  

e l e c t r o t h e r m i c   l a y e r .   This  l o c a l i z e d   h e a t i n g   causes  t h e r m a l l y   s e n s i t i v e  

image  forming  m a t e r i a l   to  change  co lour .   The  r e s u l t   of  the  l o c a l i z e d  

s e l e c t i v e   c u r r e n t   caused  h e a t i n g   of  a p p r o p r i a t e   p r i n t   e lements   is  m a t r i x  

c h a r a c t e r   or  f a c s i m i l e   p r i n t i n g .  

A c c o r d i n g l y   the  i n v e n t i o n   p r o v i d e s   p r i n t a b l e   medium  for  use  i n  

non - impac t   p r i n t i n g ,   sa id   medium  compr is ing   a  s u b s t r a t e   s u p p o r t i n g   a  

compos i t e   e l e c t r o t h e r m i c   l a y e r   compr is ing   a  t h e r m a l l y   s e n s i t i v e   image 

forming  compound  and  a  f i n e l y   d i v i d e d   conduc t ive   m a t e r i a l   embedded  in  a 

c a r r i e r .  

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

compos i t e   e l e c t r o t h e r m i c   p r i n t i n g   l aye r   of  polymer  ( p o l y c a r b o n a t e ,   p o l y -  

e s t e r ,   p o l y u r e t h a n e ,   Kapton*)  made  conduc t ive   by  suspended  c o n d u c t i v e  

p a r t i c l e s   (zinc  i o d i d e ,   z inc  ox ide ,   t i n   oxide,   t i t a n i u m   d iox ide ,   z i n c ,  

s i l v e r ,   e t c .   or  a  mix tu re   of  t h e s e ) .   Also  i n c o r p o r a t e d   in  the  po lymer  

l a y e r   along  with  the  conduc t ive   m a t e r i a l   is  a  f i n e l y   d i v i d e d ,   t h e r m a l l y  

s e n s i t i v e   image  forming  m a t e r i a l   ( e . g . ,   s i l v e r   b e h e n a t e ) .  

The  p r i n t i n g   s t y l u s   does  not  need  to  be  hot  in  o rder   to  p r i n t   but  must  

merely   c a r r y   c u r r e n t .   The  l o c a l i z e d   c u r r e n t   pa s s ing   from  a  p r i n t i n g  

s t y l u s   i n to   the  t r e a t e d   pape r ,   p r o v i d e s   a  l o c a l i z e d   hot  spot  which  

changes  c o l o u r .   The  amount  then  d i s s i p a t e s   into  a  broad  area  of  t h e  

c o n d u c t i v e   polymer  to  a  broad  area  r e t u r n   e l e c t r o d e   for  r e t u r n   t o  

ground.   An  o p t i o n a l   aluminium  th in   l ayer   between  the  paper  base  and  t h e  

t h e r m a l l y   s e n s i t i v e   r e s i s t i v e   polymer  l ayer   p rov ides   a  conven ien t   and 

e f f e c t i v e   d i s s i p a t i n g   c u r r e n t   flow  path  for  r e t u r n   to  the  broad  a r e a  

r e t u r n   e l e c t r o d e   and  a l so   r e s u l t s   in  i n c r e a s e d   c u r r e n t   l o c a l i z a t i o n   and 

hence  h i g h e r   r e s o l u t i o n   and  q u a l i t y   p r i n t i n g .   The  c u r r e n t   is  d i s s i p a t e d  

over  such  a  broad  area  at  the  broad  area  r e t u r n   e l e c t r o d e   t ha t   i t   does  

not  r a i s e   the  t e m p e r a t u r e   above  the  t h r e s h o l d   for  p r i n t i n g .  

*TM 



The  i n v e n t i o n   wi l l   now  be  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e   to  t h e  

accompanying  drawings  in  wh ich :  

FIG.  1  is  an  i s o m e t r i c   view,  s emi -d iag rammat ic   in  form,  showing  t h e  

t r e a t e d   paper  o p e r a t i v e l y   j u x t a p o s e d   to  a  m u l t i - s t y l u s   p r i n t   element  and 

to  a  broad  area  r e tu rn   e l e c t r o d e .  

FIG.  2  is  a  semi-d iagrammat ic   e l e v a t i o n   view  showing  the  r e l a t i o n s h i p   o f  

t r e a t e d   paper  to  p r i n t   element  and  broad  area  r e tu rn   e l e c t r o d e .  

FIG.  1  i l l u s t r a t e s   the  p r e f e r r e d   embodiment.  The  p r i n t i n g   head  3  or  t h e  

t r e a t e d   paper   composite  1  is  d r iven   by  means  not  shown,  so  t h a t   t h e  

motion  of  the  paper  composite  r e l a t i v e   to  the  p r i n t h e a d   is  as  shown  by 

the  d i r e c t i o n   of  arrow  2  so  as  to  pass  mu l t i -   element  s t y l u s   p r i n t i n g  

head  3  in  a  f a sh ion   to  p r e s e n t   spot  p r i n t i n g   elements  in  any one  o f  

s eve ra l   well  known  dot  p r i n t i n g   a t t i t u d e s   toward  the  moving  p a p e r .  

Broad  area  r e t u r n   e l e c t r o d e   5  makes  broad  area  con tac t   to  paper  1  at  t h e  

su r face   of  the  p a p e r .  

Paper  1  is  a c t u a l l y   a  composite  o f :  

l ayer   11,  a  paper  base  of  o rd ina ry   paper,   or  i nexpens ive   po lymer  

such  as  p o l y p r o p y l e n e ;  

l aye r   12,  a  very  th in   fi lm  of  conduct ive   metal  such  as  a lumin ium 

o v e r l a i d   on  the  e n t i r e   su r f ace   of  paper  base  layer   11; 

layer   13,  e l e c t r o t h e r m i c   c o m p o s i t e .  

In  o p e r a t i o n ,   the  p r i n t h e a d   has  i t s   s eve ra l   s t y l i   31-35  s e l e c t i v e l y  

ene rg ized   via  conductors   36  so  as  to  provide  s e l e c t i v e   spot  p r o d u c i n g  

c u r r e n t s   at  r e s p e c t i v e   s t y l i   31,  32,  33,  34  and  35  as  r e q u i r e d   by  t h e  

c o n f i g u r a t i o n   of  the  des i red   c h a r a c t e r   (P  shown  in  FIG.  1 ) .  



A  r e p r e s e n t a t i v e   spot  p r o d u c i n g   c i r c u i t   i nc ludes   a  p o t e n t i a l   on  t h e  

a p p r o p r i a t e   conductor   of  c o n d u c t o r   bundle  36  to  p rov ide   a  p o t e n t i a l   at  a  

s e l e c t e d   s t y l u s ,   e . g . ,   s t y l u s   31.  A  conduct ive   path   for   e l e c t r i c a l  

c u r r e n t   from  s t y l u s   31  is  v ia   r e s i s t a n c e   14  to  a  s u r r o u n d i n g   area  on 

aluminium  f i lm  12;  and  thence   via   aluminium  f i lm  12  to  the  area  u n d e r  

broad  area   r e t u r n   e l e c t r o d e   5  and  thence  back  th rough   the  c o n d u c t i v e  

m a t e r i a l   in  p o l y e s t e r   compos i t e   13  and  broad  area  r e t u r n   e l e c t r o d e   5  t o  

g r o u n d .  

FIG.  2  is  a  s i m p l i f i e d   e l e v a t i o n   diagram  showing  o p e r a t i o n   of  a n o t h e r  

p r e f e r r e d   embodiment.  Composi te   the rmographic   p r i n t i n g   paper  1  is  drawn 

in  the  d i r e c t i o n   of  arrow  2  under   p r i n t h e a d   3  so  as  to  p rov ide   s e l e c t i v e  

p r i n t e d   dots  4  by  a p p l i c a t i o n   of  r e s p e c t i v e l y   r e l a t e d   c u r r e n t s .   The 

c u r r e n t s   are  d i s s i p a t e d   via   the  conduc t ive   c a p a b i l i t y   12'  of  t h e  

p r i n t i n g   composi te   c a r r i e d   by  paper   s u b s t r a t e   11  and  r e t u r n e d   via  b r o a d  

area   e l e c t r o d e   5  to  ground.   The  r e s o l u t i o n   of  p r i n t e d   spots   in  t h i s  

l a t t e r   embodiment  is  u s u a l l y   not   as  good  as  is  o b t a i n e d   by  using  t h e  

t h i n   m e t a l l i c   aluminium  r e t u r n   conductor   beneath   the  e l e c t r o t h e r m i c  

polymer  due  to  g r e a t e r   c u r r e n t   sp read ing   in  the  c o n d u c t i v e   e l e c t r o -  

t h e r m i c   p o l y m e r .  

One  p r e f e r r e d   mechanism  for   p r o v i d i n g   broad  area  c o n d u c t i v i t y   to  t h e  

t r e a t e d   composi te   t h e r m o g r a p h i c   paper  is  th in   f i lm  aluminium  layer   12  a s  

shown  in  FIG.  1.  This  p r e f e r r e d   embodiment  r e s u l t s   in  h igher   p o i n t  

r e s o l u t i o n   and  q u a l i t y .   A  second  p r e f e r r e d   embodiment  e l i m i n a t e s   t h e  

s p e c i f i c   r e t u r n   layer   12  by  p r o v i d i n g   s u f f i c i e n t   c o n d u c t i v i t y   12'  (FIG. 

2)  w i t h i n   composite  p o l y e s t e r   l a y e r   13  to  carry   the  d e s i r e d   c u r r e n t s .  

This  c o n d u c t i v i t y   may  be  p r o v i d e d   by  a  homogenous  d i s p e r s i o n   of  c u r r e n t  

c a r r y i n g   p a r t i c l e s   w i t h i n   p o l y e s t e r   l ayer   13  or  by  a  graded  d i s p e r s i o n  

with  the  h e a v i e r   occu r r ence   of  conduc t ive   p a r t i c l e s   on  the  ins ide   n e x t  

to  s u b s t r a t e   paper  l aye r   11.  The  g r e a t e r   c u r r e n t   s p r e a d i n g   in  t h e  

c o n d u c t i v e   polymer,   however,   u s u a l l y   r e s u l t s   in  a d e q u a t e ,   but  l ower  

r e s o l u t i o n   p r i n t i n g   compared  to  the  p r i o r   embodiment .  



The  e l e c t r o t h e r m a l   r e c o r d i n g   sheet   accord ing   to  t h i s   example  c o n s i s t s   o f  

a  paper  or  polymer  s u b s t r a t e   11  such  as  p o l y e s t e r   ( e . g . ,   MYLAR*)  o r  

p o l y p r o p y l e n e ,   on  which  is  d e p o s i t e d   an  e l e c t r i c a l l y   conduc t ive   f i lm  12 

of  aluminium by  vacuum  e v a p o r a t i o n   or  s p u t t e r i n g .   The  aluminium  f i lm  12 

is  overcoa ted   with  a  chromogenic  r e s i s t i v e   layer   13  composed  of  one  or  a  

mixture  of  conduc t ive   p a r t i c u l a t e   m a t e r i a l s   (zinc  i o d i d e ,   zinc  o x i d e ,  

t in   oxide,   t i t a n i u m   d ioxide)   d i s p e r s e d   in  a  b inder   c o n t a i n i n g   t h e r m a l l y  

s e n s i t i v e   a d d i t i v e s .   A  roughening  agent  s e l e c t e d   from  s i l i c a ,   a l u m i n a ,  

aluminium  hydrox ide ,   CaCo3,  Ti02,  e t c . ,   can  also  be  i n c o r p o r a t e d   in  t h e  

r e s i s t i v e   f o r m u l a t i o n s   in  order  to  e l i m i n a t e   polymer  debr i s   a c c u m u l a t i o n  

on  the  p r i n t   head  dur ing  w r i t i n g .  

A p p l i c a t i o n   of  an  e l e c t r i c   s igna l   to  the  p r i n t i n g   device  is  a ccompan ied  

by  the  g e n e r a t i o n   of  r e s i s t a n c e   heat   which  r e s u l t s   in  f a c s i m i l e   p r i n t i n g  

or  d i r e c t   image  fo rma t ion   c h a r a c t e r i s e d   by  l o c a l i z e d   b l e a c h i n g ,   c o l o u r  

format ion   or  co lour   change.  The  i n t e n s i t y ,   c o n t r a s t   and  hue  o f   t h e  

imaged  region  depends  on  the   chemical  system  s e l e c t e d   for  image 

d e f i n i t i o n .   The  e l e c t r i c   s igna l   may  be  on  the  order   of  5-25  v o l t s ,  

10-30  m i l l i a m p e r e s   as  shor t   as  .02  m i l l i s e c o n d s .  

Various  b inders   s u i t a b l e   for  d i s p e r s i o n   of  s emiconduc t ive   p a r t i c l e s   and  

o ther   a d d i t i v e s   to  form  r e s i s t i v e   coa t ings   can  be  s e l e c t e d   from  t h e  

fo l lowing   c l a s s e s :  

-  Ce l lu lo se   d e r i v a t i v e s   such  as  c e l l u l o s e  

a c e t a t e   b u t y r a t e ,   e thyl   c e l l u l o s e ,   c e l l u l o s e   a c e t a t e ,   h y d y r o x y e t h y l  

c e l l u l o s e ,   n i t r o c e l l u l o s e ,   carboxymethyl   c e l l u l o s e ,   e t c .  

-  Acry la te   polymers  i n c l u d i n g   p o l y m e t h y l m e t h a c r y l a t e ,  

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

a c e t a l   r e s i s   such  as  p o l y v i n y l b u t y r a l .  

-  P o l y s t y r e n e s   and  poly  x - m e t h y l s t y r e n e   and  r e l a t e d   s y s t e m s .  

-  P o l y c a r b o n a t e s ,   novolaks ,   epoxy  r e s i n s .  

*TM 



-  C r o s s l i n k e d   polymers  such  as  p o l y u r e t h a n e s   formed  from  the  r e a c t i o n  

of  f ree   hydroxyl   c a r r y i n g   b i n d e r s   with  p o l y i s o c y a n a t e s   o r  

m e l a m i n e s .  

-  Hydroxye thy lene   polymers  such  as  hydroxypropy lene ,   p o l y ( e t h y l e n e  

g l y c o l s ) ,   p o l y v i n y l a l c o h o l ,   e t c .  

Var ious   c o n d u c t i v e   m a t e r i a l s   t h a t   can  be  u t i l i z e d   for  t h i s   a p p l i c a t i o n  

a r e :  

ZnO,  ZnI2,  CuI2,  Sb203,  MoO,  Cds,  Ti02,  m o l y d i s u l f i d e ,   c o n d u c t i n g  

polymers   t h a t   can  be  employed  as  a l t e r n a t e   b inde r s   for  i n o r g a n i c  

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

imine  s a l t s ,   doped  p o l y a c e t y l e n e s ,   p o l y p h e n y l e n e s ,   e t c .  

Image  d e f i n i t i o n ,   a cco rd ing   to  the  e l e c t r o t h e r m a l   t echn ique   desc r ibed   i n  

t h i s   i n v e n t i o n ,   can  be  o b t a i n e d   by  i n c o r p o r a t i o n   of  va r ious   t h e r m a l l y  

s e n s i t i v e   a d d i t i v e s   in  the  r e s i s t i v e   f o r m u l a t i o n s   so  t ha t   t h e i r  

h e a t - i n d u c e d   chemical   r e a c t i o n s   are  accompanied  by  b l e a c h i n g ,   c o l o u r  

fo rma t ion   or  co lour   change.  Some  of  the  p r e f e r r e d   chromogenic  m a t e r i a l s  

and  t h e i r   the rmal   t r a n s f o r m a t i o n s   a r e :  

Leucoform  dyes  t h a t   undergo  dye  format ion   when  sub j ec t ed   t o  

e l e c t r i c a l   r e s i s t a n c e   hea t   g e n e r a t e d   during  p r i n t i n g ,   e . g .  



a)  Leuco  bases  of  t r i p h e n y l m e t h a n e   s e r i e s   or  f l uo rene   analogs  o f  

c r y s t a l   v i o l e t   which  undergo  o x i d a t i o n - e l i m i n a t i o n   r e a c t i o n s  

to  colored  forms,  as  shown  in  FORMULAS  1A  and  1B.  (In  FORMULA 

1A,  (R=H,  CH3, C2H5,  e t c . )  



b)  S a c c h a r i n e   d e r i v e d   leuco  c a r b i n o l   systems  which  u n d e r  

i r r e v e r s i b l e   co lou r   change  upon  h e a t i n g ,   as  shown  i n  

FORMULA  2.  (In  FORMULA  2,  R=CH3,  E thy l ,   OH,  OCH3, 

-NH2,  N(CH3)2,  Halogen,  e tc .   R'  =  a lky l   groups  as  CH3, 

e t c .   or  h y d r o x y e t h y l ,   a k l o x y e t h y l ,   e t c . )  



c)  Diazahemicyan ine   dyes  in  b e n z o t h i a z o l e   s e r i e s   which  can  

be  pe rmanen t ly   bound  to  polymers  with  f ree   r e a c t i v e   s i t e s  

(e.g.  d i a z a h e m i c y a n i n e   dyes  with  2 - c a r b a m o y l e t h y l   s i d e  

chain)  as  shown  in  FORMULA  3. 



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

of   4 - a m i n o   d i p h e n y l a m i n e   c an   be  i n c o r p o r a t e d  

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

b l a c k   i m a g e s   due   to   t h e   f o r m a t i o n   of   p o l y -  

z i n e s   s i m i l a r   to   " A n i l i n e   B l a c k , "   S o l a n i l e  

B l a c k "   ( a n d   r e l a t e d   s y s t e m s )   i n   t h e   p r e s e n c e  
of   m e t a l   s a l t s   a t   1 8 0 ° - 2 0 0 ° C ,   as  shown  i n  

FORMULA  4 .  



S o l a n i l e   Black  gives  a  f a s t   black  image  on  c e l l u l o s i c   p o l y m e r s .  

E l e c t r o t h e r m a l   p r i n t i n g   can  also  be  accompl ished  by  r e s i s t i v e   h e a t  

induced  in  s i tu   g e n e r a t i o n   of  m e t a l l i c   p h t h a l o c y a m i n e .  

P r e f e r r e d   m a t e r i a l s   for  these   pigments  are  0-cyanobenzamide  o r  

p h t h a l o n i t r i l e   and  a  small   amount  of  copper  s a l t s   such  as  cuprous  o r  

cupr ic   c h l o r i d e   which  can  be  i n c o r p o r a t e d   in  the  r e s i s t i v e   f o r m u l a t i o n s  

p r i o r   to  c o a t i n g s ,   as  shown  in  FORMULA  5. 



S i m i l a r   p h t h a l o c y a n i n e   d e r i v a t i v e s   can  be  formed  from  o the r   metals  a s  

n i c k e l ,   c o b a l t ,   z inc ,   a luminium  are  g e n e r a l l y   b r i l l i a n t   blue  and  g r e e n .  

Var ious   coa t i ng   f o r m u l a t i o n s   for  the  image  forming  r e s i s t i v e   l ayers   i n  

the  f a b r i c a t i o n   of  e l e c t r o t h e r m a l   p r i n t i n g   m a t e r i a l   a cco rd ing   to  t h i s  

i n v e n t i o n   are  i l l u s t r a t e d   by  the  f o l l owing   r e p r e s e n t a t i v e   examples :  

Example  1 

Mix tu re   A  and  B  are  b a l l   m i l l e d   s e p a r a t e l y   to  form  un i form  d i s p e r s i o n s  

which  are  then  combined  and  b r i e f l y   b a l l   m i l l ed   (1-2  hours)  to  i n s u r e  

t h o r o u g h   mixing.   The  r e s u l t i n g   compos i t ion   is  coa ted   on  a l u m i n i z e d  

p l a s t i c   ( e . g . ,   Mylar*,  p o l y p r o p y l e n e ,   e t c . )   or  paper   suppor t   and  d r i e d /  

cured  at  50-60°C  to  o b t a i n   2-10  pm  t h i ck   dry  r e s i s t i v e   f i lm.   R e s i s t i v e  

hea t   g e n e r a t e d   dur ing  the  e l e c t r o t h e r m a l   p r i n t i n g   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   is  accompanied  by  r e d u c t i o n   of  i o n i c   s i l v e r   to  s i l v e r  

me ta l   to  p rov ide   a  permanent   b lack   image.  The  novolak  r e s i n   or  r e l a t e d  

e a s i l y   o x i d i z a b l e   systems  when  i n c o r p o r a t e d   in  t he se   f o r m u l a t i o n s ,   a  

more  e f f i c i e n t   r e d u c t i o n   of  i on i c   s i l v e r   can  be  b rough t   a b o u t .  



*TM  A l t e r n a t e   b i n d e r s   such  as  e thy l   c e l l u l o s e ,   c e l l u l o s e   a c e t a t e ,  

c e l l u l o s e   a c e t a t e   b u t y r a t e   (CAB),  p o l y m e t h y l m e t h a c r y l a t e ,   2 - m e t h y l  -  

s t y r e n e  -   m e t h y l m e t h a c r y l a t e ,   e tc .   can  be  s u b s t i t u t e d   f o r  

p o l y v i n y l b u t y r a l   r e s i n .  

Example  2 

The  mixture   is  b a l l   m i l l e d   to  form  a  uniform  d i s p e r s i o n   and  combined 

with  10  p a r t s   of  a  leuco  form  of  t r i p h e n y l m e t h a n e   dyes  or  f l u o r e n e  

analogs  of  c r y s t a l   v i o l e t .   The  f i n a l   compos i t i on   is  thoroughly   mixed 

and  a p p l i e d  o n   a lumin ized   p l a s t i c   or  paper  suppor t   as  de sc r ibed   i n  

Example  1  to  o b t a i n   a  r e s i s t i v e   layer   with  t h i c k n e s s   of  the  dry  c o a t i n g  

between  2mm -  10mm. 



E x a m p l e   3 

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

u r e t h a n e - c r o s s l i n k e d   c e l l u l o s e   d e r i v a t i v e s  

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

m a t e r i a l :  

T h i s   m i x t u r e   i s   b a l l   m i l l e d   to   f o r m   t h e   M i l l  

B a s e   C o a t i n g   F o r m u l a t i o n :  

The  i n g r e d i e n t s   a r e   t h o r o u g h l y   m i x e d   t o g e t h e r  

a n d   a p p r o v e d   on  a  p l a s t i c   or  p a p e r   s u p p o r t   a s  

d e s c r i b e d   i n   E x a m p l e s   1  and  2,  and   c u r e d   a t  

8 0 - 9 0 ° C   f o r   10  m i n u t e s .  



E x a m p l e   4 

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

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

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

i s   b a l l   m i l l e d   f o r   6  to  16  h o u r s   to   f o r m   a  

u n i f o r m  d i s p e r s i o n .   A f t e r   a d j u s t m e n t   of  v i s c o s i t y  

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

c o a t e d   on  p l a s t i c   or  p a p e r   s u p p o r t   as  d e s c r i b e d  

in  E x a m p l e   1.  The  r e s u l t i n g   s t r u c t u r e   w h e n  

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

to  t h i s   i n v e n t i o n ,   an  i n t e n s e   b l a c k   i m a g e   i s  

f o r m e d   due  to  r e s i s t i v e   h e a t   m e d i c a t e d   o x i d a t i v e  

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

( s u l f o n i c   d e r i v a t i v e s   of  4 - a m i n o   d i p h e n y l a m i n e )  

to  p o l y a z i n e   dyes   s u c h   as  " S o l a n i l   B l a c k . "  

A l t e r n a t e   b i n d e r   s y s t e m s   t h a t   can  be  s u b s t i t u t e d  

f o r   e t h y l   c e l l u l o s e   a r e :   CAB,  c e l l u l o s e   a c e t a t e ,  

n i t r o c e l l u l o s e ,   p o l y v i n y l b u t y r a l ,   e t c .  



Example  5 

CAB  is  f i r s t   d i s s o l v e d   in  a  p o r t i o n   of  the  s o l v e n t   mix tu re ,   combined 

wi th   the  r e s t   of  the  i n g r e d i e n t s ,   and  b a l l   m i l l e d   for  6-16  hours  to  fo rm 

a  homogeneous  s l u r r y   which  is  a p p l i e d   onto  the  a lumin ized   suppor t   t o  

o b t a i n   a  dry  c o a t i n g   t h i c k n e s s   of  2mm  to  10mm  a f t e r   d ry / cu re   cycle  a t  

80-90°C.  E l e c t r o t h e r m a l   p r i n t i n g   on  such  a  r e c o r d i n g   m a t e r i a l   i s  

accompanied  by  co lou r   image  fo rma t ion   due  to  copper  p h t h a l o c y a n i n e  

g e n e r a t e d   in  the  e l e c t r i c   r e s i s t a n c e   l aye r   c o n t a i n i n g   colour   f o r m i n g  

p r e c u r s o r s   such  as  o r t h o c y a n o b e n z a n i d e   and  the  copper  s a l t s   such  a s  

Cucl,   Cucl2,  CuI2,  CuO,  Cu2O  e t c .  

A  v a r i a t i o n ' o f   the  above  f o r m u l a t i o n   i n c l u d e s   the  use  of  copper  powder  

or  copper  p a s t e   as  s u b s t i t u t e   for  ZnO  or  T i O   in  c e l l u l o s i c   b i n d e r s   s u c h  

as  CAB  or  e t h y l c e l l u l o s e   with  the  r e s t   of  the  i n g r e d i e n t s   being  the  same 

as  in  Example  5,  to  form  e l e c t r i c   r e s i s t a n t   c o a t i n g s   of  t h i s   i n v e n t i o n .  



1.  P r i n t a b l e   medium  for  use  in  non-impact   p r i n t i n g ,   said  medium 

compris ing  a  s u b s t r a t e   s u p p o r t i n g   a  composite  e l e c t r o t h e r m i c   l a y e r  

compris ing  a  t he rma l ly   s e n s i t i v e   image  forming  compound  and  a  f i n e l y  

d iv ided   conduct ive   m a t e r i a l   embedded  in  a  c a r r i e r .  

2.  A  p r i n t a b l e   medium  as  claimed  in  claim  1,  f u r t h e r   comprising  a  t h i n  

conduct ive   layer   between  the  s u b s t r a t e   and  the  composi te   l a y e r .  

3.  A  p r i n t a b l e   medium  as  claimed  in  claim  1  or  2,  in  which  s a i d  

composite  e l e c t r o t h e r m i c   l ayer   comprises  (by  weight)   a p p r o x i m a t e l y :  

15  p a r t s   polymer  c a r r i e r ;  

10  p a r t s   the rmal ly   s e n s i t i v e   dye;  and 

10  p a r t s   f i ne ly   d iv ided   conduct ive   m a t e r i a l s .  

4.  A  p r i n t a b l e   medium  as  claimed  in  claim  1,  2  or  3,  in  which  s a i d  

f i n e l y   d ivided  conduc t ive   m a t e r i a l   is  one  of  or  a  mixture   of  z i n c  

iod ide ,   copper  iod ide ,   antimony  t r i o x i d e ,   molybdenum  oxide,   cadmium 

s u l f i d e ,   molybdenum  d i s u l f i d e ,   zinc  oxide,   t in   oxide ,   t i t an ium  d i o x i d e ,  

o l i g o s t y r e n e   s u l f o n a t e ,   p o l y e t h y l e n e   imine  s a l t s ,   doped  p o l y a c e t y l e n e s  

and  po lypheny lenes ,   m e t a l l i c   conduct ive   p a r t i c l e s   such  as  zinc,   t in   o r  

s i l v e r .  

5.  A  p r i n t a b l e   medium  as  claimed  in  any one  of  claims  1  to  4,  in  which 

said  composite  e l e c t r o t h e r m i c   layer   f u r t h e r   comprises   a  r o u g h e n i n g  

a g e n t .  

6.  A  p r i n t a b l e   medium  as  claimed  in  claim  5,  in  which  said  roughen ing  

agent  is  one  or  a  mixture   of  s i l i c a ,   alumina,  aluminium  h y d r o x i d e ,  

calcium  ca rbona te ,   and  t i t a n i u m   d i o x i d e .  

7.  A  p r i n t a b l e   medium  as  claimed  in  any one  of  claims  1  to  6,  in  which 

said  image  forming  compound  is  a  leucoform  dye  of  a  leuco  base  of  t h e  



t r i p h e n y l m e t h a n e   s e r i e s   t h a t   undergoes   dye  fo rmat ion   when  s u b j e c t e d   t o  

e l e c t r i c a l   r e s i s t a n c e   h e a t .  

8.  A  p r i n t a b l e   medium  as  c la imed  in  any one  of  claims  1  to  6,  in  which  

sa id   image  forming  compound  is  a  f l u o r e n e   analog  of  c r y s t a l   v i o l e t   t h a t  

undergoes   an  o x i d a t i o n   e l i m i n a t i o n   r e a c t i o n   to  a  co lo red   form  when 

s u b j e c t e d   to  e l e c t r i c a l   r e s i s t a n c e   h e a t .  

9.  A  p r i n t a b l e   medium  as  c la imed  in  any one  of  c la ims  1  to  6,  in  which  

said  image  forming  compound  is  a  s a c c h a r i n e   de r ived   leuco  c a r b i n o l  

system  which  undergoes   i r r e v e r s i b l e   co lour   change  when  s u b j e c t e d   t o  

e l e c t r i c a l   r e s i s t a n c e   h e a t .  

10.  A  p r i n t a b l e   medium  as  c la imed  in  any one  of  claims  1  to  6,  in  which  

sa id   image  forming  compound  is  a  sa id   t h e r m a l l y   s e n s i t i v e   dye  and  is  a  

d i a z o h e m i c y a n i n e   dye  in  the  b e n z o t h i a z o l e   s e r i e s   which  can  b e  

p e r m a n e n t l y   bound  to  a  polymer  with  f ree   r e a c t i v e   s i t e s   when  s u b j e c t e d  

to  h e a t .  

11.  A  p r i n t a b l e   medium  as  c la imed  in  claim  10,  in  which  s a i d  

d i a z o h e m i c y a n i n e   dye  i nc ludes   a  2-  carbamoyl  e thy l   side  c h a i n .  

12.  A  p r i n t a b l e   medium  as  c la imed  in  claim  1  or  2,  in  which  s a i d  

compos i te   e l e c t r o t h e r m i c   l aye r   compr i ses   a  c a r r i e r ,   a  t h e r m a l l y  

s e n s i t i v e   dye,  a  f i n e l y   d iv ided   c o n d u c t i v e   m a t e r i a l   and  a  dye  p r e c u r s o r .  

13.  A  p r i n t a b l e   medium  as  c la imed  in  claim  12,  in  which  said  dye 

p r e c u r s o r   is  a  sul famino  d e r i v a t i v e   of  4 - a m i n o - d i p h e n y l a m i n e .  

14.  A  p r i n t a b l e   medium  as  c la imed  in  claim  12,  in  which  said  t h e r m a l l y  

s e n s i t i v e   dye  is  a  mixture   of  a  f i r s t   component  s e l e c t e d   from  the  group 

(0 -cyanobenzamide   and  p h t a l o n i t r i l e )   and  a  second  component  is  a  s a l t   o f  

a  meta l   s e l e c t e d   from  the  group  (copper ,   c o b a l t ,   z inc ,   aluminium,  t i n ) .  



15.  A  method  of  p roduc ing   a  p r i n t a b l e   medium  as  claimed  in  claim  1,  2 

or  3,  said  medium  being  produced  by  s e p a r a t e l y   mixing  a  f i r s t   m i x t u r e  

and  a  s econd  mix tu re ,   combining  the  mixtures   b r i e f l y ,   and  coa t ing   t h e  

combined  mixture  on  a  s u b s t r a t e ,  

said  f i r s t   mixture  compr is ing   approx ima te ly   (by  w e i g h t )  

said  second  mixture  compr is ing   approx imate ly   (by  w e i g h t )  

16.  A  method  of  producing  a  p r i n t a b l e   medium  as  claimed  in  claim  7 ,  

said  medium  being  produced  by  mixing  a  f i r s t   mix ture   and  a  second  

mixture ,   combining  the  mix tures   b r i e f l y ,   and  coa t ing   the  combined 

mixture  on  a  s u b s t r a t e ,  

s a i d  f i r s t  m i x t u r e   compris ing   approx imate ly   (by  w e i g h t )  

said  second  mixture  compris ing  approximate ly   (by  w e i g h t )  

17.  A  method  of  producing  a  p r i n t a b l e   medium  as  claimed  in  claim  7 ,  

said  medium  being  produced  by  mixing  a  f i r s t   mixture   and  a  second 

mix ture ,   combining  the  mixtures   b r i e f l y ,   and  coa t ing   the  combined 

mixture  on  a  s u b s t r a t e ,   in  which  said  f i r s t   mixture   c o m p r i s e s  

approx imate ly   (by  w e i g h t )  

f l uo rene   analog  of  c r y s t a l   v i o l e t   10. 



18.  A  method  of  p r o d u c i n g   a  p r i n t a b l e   medium  as  c la imed  in  claim  1,  2 

or  3,  sa id   medium  being  p r e p a r e d   by  s e p a r a t e l y   mixing  a  f i r s t   m i x t u r e  

and  a  second  m i x t u r e ,   combining  the  mix tu res   b r i e f l y ,   and  coat ing  t h e  

combined  mix ture   on  a  s u b s t r a t e ,  

sa id   f i r s t   mix ture   compr i ses   a p p r o x i m a t e l y   (by  w e i g h t )  

sa id   second  mix tu re   compr i s i ng   app rox ima te ly   (by  w e i g h t )  

19.  A  method  of  p r o d u c i n g   a  p r i n t a b l e   medium  as  c laimed  in  claim  1,  2 

or  3,  sa id   medium  be ing   p r e p a r e d   by  s e p a r a t e l y  m i x i n g   a  f i r s t   m i x t u r e  

and  a  second  m i x t u r e ,   combining  the  mix tures   b r i e f l y ,   and  coat ing   t h e  

combined  mix tu re   on  a  s u b s t r a t e ,  

s a id   f i r s t   mix ture   compr i ses   app rox ima te ly   (by  w e i g h t )  

s a id   second  mix ture   compr i ses   app rox ima te ly   (by  w e i g h t )  
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