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©  Printing  system. 
©  A  thermal  transfer  printing  system  in  which  a  print 
scanning  head  (3)  is  provided  with  a  series  of  thermal  — 
heating  elements  (21).  The  elements  are  aligned  in  a  column  ^ " 4 9   2Z perpendicular  to  the  line  of  printing.  A  sensor  is  provided  to  ?̂  IT  r  @@/  vX~/~  —  determine  where  the  scanning  head  is  aligned  perpendicu-  \j  I  vr(  —  y  % 
larly  relative  to  the  line  of  printing.  More  heating  elements  t|  I  M 
are  provided  on  the  head  than  are  required  for  printing.  Only  EZ  I L _ _ 4   "3 
those  heating  elements  properly  aligned  with  the  line  of  '  ^ l ^ I ^ k - ^ v  
printing  are  activated.  27  >s\f^-— 

FIG.  I 

Croydon  Priming  Company  Ltd. 

 A   thermal  transfer  printing  system  in  which  a  print 
scanning  head  (3)  is  provided  with  a  series  of  thermal 
heating  elements  (21).  The  elements  are  aligned  in  a  column 
perpendicular  to  the  line  of  printing.  A  sensor  is  provided  to 
determine  where  the  scanning  head  is  aligned  perpendicu- 
larly  relative  to  the  line  of  printing.  More  heating  elements 
are  provided  on  the  head  than  are  required  for  printing.  Only 
those  heating  elements  properly  aligned  with  the  line  of 
printing  are  activated. 



The  present  invention  relates  to  a  thermal   t ransfer   p r in t ing  

system  and,  in  part icular ,   to  a  thermal   t ransfer   printing  system  which 

lessens  the  requi rement   for  a  precisely  positioned  record  receiving  su r f ace .  

A  thermal   transfer  recording  system  utilizes  a  scanning  head  on 

which  a  column  of  thermal  heat  elements  is  provided.  The  heat  e l e m e n t s  

are  arranged  perpendicularly  to  the  line  of  printing.  A  thermal   t r a n s f e r  

material   bearing  sheet  or  ribbon  is  maintained  in  close  contact   to  t h e  

elements   during  scanning  head  traverse.   A  record  receiving  member  is 

provided  in  contact   with  the  thermal  t ransfer   material .   The  r e c o r d  

receiving  sheet  is  entrained  over  a  platen.  The  platen  is  used  to  move  t he  

record  receiving  member  stepwise  a  line  of  printing.  It  has  been  found  t h a t  

f o r   accura te   sti tching,  that  is,  for  accurate   positioning  of  the  t r a n s f e r r e d  

marks  relat ive  to  each  other  for  sequential  lines  of  printing,  the  r e c o r d  

receiving  sheet  must  be  precisely  controlled.  If  the  sheet  s t epp ing  

movement  is  not  precise,  error  in  st i tching  will  occur.  This  requires  highly 

accura te   and  inherently  more  expensive  record  receiving  m e m b e r  

advancing  mechan i sms .  

The  present  invention  provides  a  remedy  for  the  above  problem  by 

providing  a  scanning  head  having  more  elements  than  are  required  by  t h e  

line  of  printing  and  by  using  a  de tec tor   to  de termine   which  elements  a re  

accura te ly   aligned  with  the  line  of  printing,  and  should  be  a c t i v a t e d .  

The  invention  will  better   be  understood  upon  reading  t h e  

specif icat ion  and  part icularly  when  the  specif icat ion  is  considered  in 

conjunction  with  the  accompanying  drawing,  which  is  not  drawn  to  sca le ,  

where in :  

Figure  1  shows  an  overall  view  of  a  scanning  carriage  t h e r m a l  

t ransfer   printer  in  accordance  with  this  invent ion;  

Figure  2A  shows  the  position  of  the  thermal   t ransfer   ribbon  and 

thermal  printhead  during  the  print  opera t ion ;  

Figure  2B  shows  the  position  of  the  thermal   t ransfer   ribbon  and 

thermal   printhead  during  the  alignment  sensing  opera t ion ;  

Figure  3  shows  the  face  of  a  thermal  printhead  in  accordance  with 

the  present  invention,  and 

Figures  4A-4C  are  representa t ions   of  the  alignment  detector   and 

regis t ra t ion  line  at  three  different  alignment  posi t ions .  



Referr ing  now  to  Figure  1,  there  is  shown  a  scanning  head  t h e r m a l  

transfer   printer  shown  generally  as  1.  Scanning  head  thermal  t r a n s f e r  

printer  1  utilizes  a  thermal  printhead,  shown  generally  as  3,  mounted  on 

scanning  carriage  5.  A  thermal   t ransfer   ink  donor  ribbon  7  is  p rovided  

between  thermal   printhead  3  and  record  receiving  surface  9.  R e c o r d  

receiving  surface  9  may  be,  for  example,  a  sheet  of  paper  backed  by  a  

platen  47  or  other  suitable  support  member.  Thermal  t ransfer   ink  donor  

ribbon  7  is  provided  on  ribbon  supply  spool  11  and  is  wound  up  on  r ibbon 

take-up  spool  13.  Take-up  spool  13  is  ro ta ted   by  drive  motor  15.  Ribbon 

supply  spool  11  and  take-up  spool  13  are  rota tably  supported  by  ribbon  l i f t  

arms  17  and  19,  respect ively.   Thermal  print  head  3  is  provided  with  a  

series  of  heating  elements   21  (see  Figure 3),  which  may  be  individual ly  

actuated  to  heat  ink  donor  ribbon  7  in  imagewise  conf igura t ion ,  

t ransfer r ing   ink  to  record  receiving  surface  9  and  forming  an  image  23 

thereon.  The  drive  circuitry  for  individually  actuat ing  heating  elements  21 

to  form  images  is  well  known  in  the  art.  Scanning  carriage  5  is  pulled,  f o r  

example,  by  cables  25  such  that  it  t raverses   record  receiving  surface  9  in 

the  directions  shown  by  arrows  27  in  Figure  1  para l le l   to  the  line  o f  

printing  and  perpendicular   to  the  direction  of  movement  of  r e c o r d  

receiving  surface  9. 

In  operation,  drive  motor  15  is  act ivated  to  move  ink  donor  r ibbon 

7  in  a  direction  shown  by  arrow  51  to  provide  unused  ink  donor  r ibbon 

between  thermal   printhead  3  and  record  receiving  surface  9  after  e a c h  

traverse  of  the  printhead  3  across  the  width  of  the  record  receiving  s u r f a c e  

9.  Individual  e lements   21  (see  Figure  3)  are  heated  as  required  by  t h e  

image  to  be  formed.  The  record  receiving  surface  9  is  s tat ionary  dur ing  

printing.  On  completion  of  a  printhead  scan  of  the  line  of  printing,  which  

may  be  one  or  more  passes  with  printing  occurring  during  left  to  r igh t ,  

right  to  left  or  both  directions  t raverse,   record  receiving  surface  9  is 

advanced  by  platen  47  stepwise  in  direction  49  to  receive  the  next  line  o f  

printing.  To  provide  graphic  images,  it  is  necessary  that  elements  21 

traverse  the  entire  image  receiving  portion  of  record  receiving  surface  9. 

Record  receiving  surface  9  is  conventionally  advanced  in  the  d i r ec t i on  

shown  by  arrow  49  a  distance  equal  to  the  length  of  the  array  of  h e a t i n g  

elements  21.  Because  a  single  image  may  be  made  up  of  a  plurality  of  



printing  passes  at  different  record  receiving  surface  9  positions,  it  is 

necessary  that  the  stepwise  movement  of  the  platen  47,  which  is  used  t o  

advance  record  receiving  surface  9,  be  precise  to  ensure  proper  stitching  in 

the  final  images  23  and  not  to  leave  gaps  or  dark  lines  in  the  images  

parallel   to  the  line  of  printing.  For  example,  if  the  platen  47  advances  

record  receiving  surface  9  further   than  required  for  proper  stitching,  a  gap  
will  appear  in  the  final  image  23  parallel  to  the  line  of  printing.  If  r eco rd  

receiving  surface  9  is  not  advanced  far  enough  for  proper  stitching,  a 

portion  of  the  image  will  have  a  double  density  resulting  from  over -  

printing,  causing  a  dark  line  to  appear  in  the  final  image  23  parallel  to  t h e  

line  of  printing.  To  avoid  these  problems,  it  is  necessary  to  utilize  a 

re la t ively   expensive  control  mechanism  for  advancing  record  rece iv ing  

surface  9.  There  can  still  be  problems,  however,  because  of  slippage  of  t h e  

record  receiving  member  9  or  wear  of  mechanical   pa r t s .  

To  ensure  proper  st i tching  of  images,  it  is  necessary  to  align  t h e  

heat ing  elements  21  precisely  on  the  printhead  3  and  the  record  r ece iv ing  

surface  9.  The  printhead  3  of  the  present  invention  is  provided  with  more 

heating  elements  21  than  are  required  to  form  a  line  of  printing.  Only 

those  heating  elements  21  which  are  aligned  for  proper  stitching  a r e  

utilized  for  printing  on  any  given  scan.  In  order  to  determine  which 

heating  elements  are  properly  aligned  for  the  line  of  printing,  a 

regis t ra t ion   line  31  is  formed  on  the  record  receiving  surface  by  p r in thead  

3  during  its  print  scan  pass.  After  record  receiving  surface  9  has  been 

advanced  in  preparat ion  for  the  next  print  scan,  a  regis t ra t ion  line  d e t e c t o r  

33  on  printhead  3  is  used  to  determine  the  position  of  printhead  3  r e l a t i ve  

to  regis t ra t ion  line  31.  The  signal  from  de tec tor   33  is  used  to  cont ro l  

which  ones  of  heating  elements  21  are  to  be  used  for  that  print  scan  pass. 

The  process  is  repeated  for  each  increment   of  record  receiving  member  9 

advance .  

Referring  now  to  Figures  1  and  2A,  in  order  to  provide  a  r e g i s t r a -  

tion  line  31,  which  will  not  interfere  with  formation  of  final  image  23  or 

leave  visible  marks  on  the  record  receiving  surface  9,  a  thermal  ink  donor 

ribbon  7  is  provided  with  a  strip  35  of  unpigmented  or  undyed  hea t  

t ransferab le   material .   Thermal  t ransfer   ink  donor  ribbons  7  have  a  

t rans fe rab le   material  coated  thereon  made  of  a  dyed  or  pigmented  wax  or 



resin  material   which,  on  application  of  heat,  softens  or  melts  and  a d h e r e s  

to  the  record  receiving  surface  9.  Strip  35  may  be  coated  with  the  s a m e  

type  of  material   but  is  colorless.  The  coatings  are  on  the  surface  of  ink 

donor  ribbon  7  facing  record  receiving  surface  9.  Heating  element  37  is 

provided  to  heat  strip  35  so  that  a  regis t ra t ion  line  31  is  formed  as  

printhead  3  is  t raversed   in  the  direction  shown  by  arrow  27.  If  t h e  

printhead  3  is  re turned  to,  for  example,  the  extreme  left  as  shown  in 

Figure  2A,  at  the  end  of  each  scan,  it  is  necessary  only  to  a c t i v a t e  

registrat ion  line  heat ing  e lement   37  for  a  short  distance  at  the  left  side  o f  

record  receiving  surface  9. 

Referr ing  now  to  Figures  1,  2A  and  2B,  after  completion  of  a  

print  scan  t raverse,   record  receiving  member  9  is  stepped  a  print  l ine 

distance,  the  distance  being  less  than  the  printing  height  of  the  array  39  o f  

heat  elements  21.  The  thermal   t ransfer   ink  donor  ribbon  7  is  then  l o w e r e d  

by  lifting  arms  17  and  19  to  the  position  shown  in  Figure  2B.  Lift  arms  17 

and  19  are  provided  to  move  the  ink  donor  ribbon  7  in  the  directions  shown 

by  arrow  53.  In  the  lower  position,  the  ink  donor  ribbon  7  is  moved  out  o f  

its  normal  position  between  printhead  3  and  record  receiving  member  9, 

allowing  regis t ra t ion  line  de tec tor   33  to  "see"  regis t ra t ion  line  31  f o r m e d  

on  record  receiving  surface  9.  The  heating  elements  21,  which  are  t h e n  

act ivated  to  be  used  for  printing,  are  de termined  depending  on  de tec tor   33 

output.  If  the  record  receiving  surface  has  advanced  too  far,  the  upper  s e t  

of  heating  elements   would  be  used  for  printing;  if  the  de tec tor   s igna l  

indicates  the  record  receiving  member  is  correct ly  located,  the  middle  

group  of  heating  e lements   21  would  be  used;  and  if  the  record  r e c e i v i n g  

surface  9  was  not  advanced  far  enough,  the  lower  group  of  h e a t i n g  

elements  21  would  be  used .  

Referring  now  to  Figure  3,  the  face  of  a  printhead  3  is  shown 

greatly  enlarged.  Regis t ra t ion   line  de tec tor   33  is  shown  as  having  a  sou rce  

of  illumination  41  may  be,  for  example,  the  end  of  an  optical  fiber  f o r  

t ransferr ing  i l lumination  from  a  remote  l ight -emit t ing   diode  (not  shown)  t o  

registrat ion  line  31.  Upper  de tec tor   43  and  lower  de tec tor   45  may  be,  f o r  

example,  the  end  of  optical  fibers  for  t r ansmi t t ing   radiation  ref lected  f r o m  

registrat ion  line  31  and  record  receiving  surface  9  to  remote  photodiodes  

(not  shown).  Preferably,   the  l ight -emi t t ing   diode  is  a  source  of  i n f r a r e d  



radiation,  and  the  photodiodes  are  infrared  sensitive.  The  infrared  r eg ion  

is  preferred  where  a  resin  or  wax  without  pigment  or  dye  is  t r ans fe r red   t o  

form  reg is t ra t ion   line  31.  The  detectors   43,  45  detect  the  d i f ference   in 

ref lec t iv i ty   between  the  regis t rat ion  line  31  and  record  r e c e i v i n g  

surface  9. 

Refer r ing   now  to  Figures  4A-C,  there  are  shown  r e p r e s e n t a t i o n s  

of  upper  and  lower  de tec tors   43,  45  and  regis t ra t ion  line  31  r e la t ionsh ips .  
Where  record  receiving  surface  9  has  been  advanced  a  correct   d i s t ance ,  

upper  de tec to r   43  and  lower  de tec tor   45  are  illuminated  equally,  providing 

equal  output  signals  as  shown  in  Figure  4A. 

As  represen ted   in  Figure  4B,  where  record  receiving  surface  9  has 

been  advanced  too  far,  the  signal  produced  by  upper  de tec tor   43  will  be 

different   from  that  of  lower  de tec tor   45.  For  example,  if  reg is t ra t ion   l ine 

31  is  more  re f lec t ive   than  the  background  of  record  receiving  surface  9, 

detector   43  output  signal  will  be  greater   than  detec tor   45.  The  r e v e r s e  

would  be  true  if  record  receiving  member  9  were  not  advanced  far  enough,  

as  seen  in  Figure 4C.  The  signals  from  upper  detector   43  and  l ower  

detec tor   45  are  compared  with,  for  example,  a  linear  d i f ferent ia l   a m p l i f i e r  

whose  output  is  an  analog  signal  proportional  to  regis t ra t ion   line  31 

displacement .   This  signal  is  converted  to  a  digital  signal  by  an  a n a l o g - t o -  

digital  conver ter   (not  shown)  and  is  fed  to  a  controller  (not  shown),  which 

act ivates   the  specific  heating  elements  21,  which  will  be  used  for  p r in t ing  

during  that  scan .  

In  an  example,  the  array  39  of  heating  elements  has  c.  10  h e a t i n g  

elements  per  mm,  with  three  additional  heating  elements  provided  at  e ach  

end  so  that  the  array  measures  slightly  over  25  mm  and  contains  246 

heating  e lements .   Only  240  heating  elements  are  required  for  p r in t ing  

since  the  record  receiving  surface  9  is  advanced  in  25  mm  i n c r e m e n t s .  

Assuming  the  heating  elements  21  are  numbered,  with  the  top  e lement   21 

(as  shown  in  Figure  3)  being  1  and  the  bottom  element  being  246,  where  

there  is  no  reg is t ra t ion   line  31  displacement,   heating  elements  4  th rough  

243  are  used.  Where  the  registrat ion  line  31  is  at  the  upper  extreme,   as 

shown  in  Figure  4B,  heating  elements  1  through  240  are  used  and,  at  t he  

bottom  extreme,   elements  7  through  246  are  used  for  printing.  In  th is  

case,  three  digital  signal  lines  could  be  used  to  provide  seven  di f ferent   s e t s  



of  heating  elements  21.  The  system  of  this  invention  can  provide  a 

s t i tching  accuracy  of  ±1 2  pixel,  which,  in  this  instance,  is  ±53pm.  The  

specific  hardware  implementa t ion   of  heating  element  selection  can  be 

accomplished  with  digital  logic  circuits  included  on  printhead  3;  f o r  

example,  programmable   counters,   high-speed,  serial-in  and  p a r a l l e l - o u t  

shift  registers,   all  of  which  are  well  known  in  thermal   p r i n t h e a d  

t echno logy .  

Although  a  specific  embodiment   has  been  disclosed,  o t h e r  

modif icat ions  can  be  made.  For  example,  the  ink  donor  ribbon  7  and  r ibbon 

supply  spool  11  and  ribbon  take-up  spool  13  could  be  provided  in  a  r ibbon 

car t r idge   mounted  on  the  scanning  carriage  5  for  scanning  movement  wi th  

the  printhead  3.  The  ribbon  car t r idge   would  then  be  raised  and  lowered  t o  

raise  and  lower  the  ink  donor  ribbon  7.  Also,  in  certain  instances  t h e r e  

may  be  ut i l izat ions  for  the  printer   where  it  may  be  acceptable   to  use  t h e  

ink  donor  ribbon  7  itself  without  strip  35  for  regis t ra t ion  line  31  fo rming .  

Further,   although  the  invention  has  been  described  in  connec t ion  

with  thermal  t ransfer   printing  only,  the  same  principle  may  be  applied  t o  

other  printing  technologies.   For  example,  printhead  3  could  be  an  ink  j e t  

pr inthead  with  ejector  nozzles  subst i tu ted  for  heating  elements   21  and  37. 

In  this  case,  however,  the  ink  ejector   nozzle  corresponding  to  h e a t i n g  

element   37  would  have  a  separa te   supply  of  a  fluid  that  would  contain  an  

infrared  absorptive  or  infrared  ref lect ive   material   with  which  to  f o r m  

regis t ra t ion   line  31.  Similarly,  heating  elements  21  and  37  could  be 

replaced  with  e l ec t ros t a tog raph ic   elements.   In  this  case,  element  37  would 

form  a  regis t ra t ion  line  of  e l ec t ros t a t i c   charge  on  record  receiving  s u r f a c e  

9.  The  infrared  de tec tor   33  would  be  replaced  by  an  e lec t r ica l   c h a r g e  

de tec tor .   It  would,  of  course,  also  be  necessary  to  erase  the  r e g i s t r a t i o n  

line  charge  if  images  are  to  be  formed  in  that  loca t ion .  

Also,  obviously  combinat ions   of  the  above  could  be  used  where ,  

for  example,  an  ink  jet  nozzle  37  is  used  to  provide  a  regis t ra t ion   line  f o r  

thermal   heating  elements   21. 



1.  A  method  of  printing  which  compr ises :  

(a)  providing  a  record  receiving  surface  (9); 

(b)  providing  a  printhead  (3)  supporting  a  set  of  mark ing  

elements,   said  printhead  further   supporting  a  regis t ra t ion  l i n e - f o r m i n g  

element  for  forming  a  regis t ra t ion  line  on  said  record  receiving  s u r f a c e ;  

(e)  scanning  said  printhead  across  said  record  receiving  s u r f a c e  

while  causing  said  regis t rat ion  line  forming  element  to  form  a  r e g i s t r a t i o n  

i  ie  on  said  record  receiving  su r f ace ;  

(d)  advancing  said  record  receiving  su r f ace ;  

(e)  providing  a  regis t ra t ion  line  de tec tor   on  said  p r i n t h e a d  

aigned  with  said  regis t ra t ion  l ine; 

(:')  using  the  output  signal  from  said  regis t ra t ion   line  d e t e c t o r  

as  neasure  of  the  relat ive  location  of  said  printhead  and  said  r e g i s t r a t i o n  

line  and 

(g  act ivat ing  a  subset  of  said  set  of  marking  e l e m e n t s  

detemined  oy  said  output  signal.  

2.  A  printhead  (3)  for  a  scanning  printhead  printer  which  compr i ses :  

(a:  an  array  (39)  of  marking  elements  (21), 

(b;  a  regis t ra t ion  line  marking  element  (37),  and 

(c)  a  regis ta t ion  line  de tec tor   (43,  45). 

3.  A  nethod  of  thermal  t ransfer   printing  which  compr i ses :  

(a)  providing  a  thermal   t ransfer   ink  donor  ribbon  (7)  between  a  

printhad  (3)  supporting  an  array  (39)  of  heating  elements  (21)  and  a  r e c o r d  

r e c e i n g   surface  (9),  the  ink  donor  ribbon  containing  a  strip  of  coating  for  

formit a  f i r s t   regis t ra t ion  line  (31)  on  the  record  receiving  s u r f a c e ;  

(b)  providing  a  regis t rat ion  line  heating  element  on  t h e  

printhut  al gned  with  the  strip  of  coating  for  heating  it  for  forming  a 

regist  tion  line  on  the  record  receiving  su r f ace ;  

(e)  scanning  the  printhead  across  the  ink  donor  ribbon  while 

heatir,  the  heating  element  to  form  a  regis t rat ion  line  on  the  r e c o r d  

receiv  g  sur face ;  



(d)  advancing  the  record  receiving  s u r f a c e ;  

(e)  providing  a  de tec tor   on  the  printhead  aligned  with  t h e  

reg is t ra t ion   line; 

(f)  using  the  output  signal  from  the  de tec tor   as  a  measure  o f  

the  relat ive  location  of  the  printhead  and  reg is t ra t ion   line;  and  

(g)  act ivat ing  a  set  of  heat ing  e lements   de termined  by  t h e  

output  s ignal .  

4.  The  method  of  Claim  3,  wherein  the  record  receiving  surface  is 

advanced  a  distance  less  than  the  printing  height  of  the  a r r ay .  

5.  A  printhead  for  a  scanning  pr inthead  thermal   t ransfer   p r i n t e r ,  

which  compr ises :  

(a)  an  array  (39)  of  heating  e lements   (21), 

(b)  a  regis t ra t ion  line  heating  e lement   (37),  and  

(c)  a  regis t ra t ion  line  de tec tor   (43,  45). 



6.  A  scanning  printhead  thermal  t ransfer   printing  apparatus  which 

compr i se s :  

(a)  means  for  supporting  and  advancing  a  record  r ece iv ing  

surface  (9); 

(b)  a  printhead  (3)  for  forming  images  and  a  regis t ra t ion  l ine 

(31)  on  the  record  receiving  surface,  the  printhead  including  an  array  (39) 

of  heat ing  elements   (21),  a  regis t rat ion  line  heating  element  and  a  

reg is t ra t ion   line  d e t e c t o r ;  

(c)  a  ribbon  supply  spool  (11)  and  a  ribbon  take-up  spool  (13)  fo r  

supporting  and  advancing  an  ink  donor  ribbon  (7)  between  the  printhead  and 

the  record  receiving  su r f ace ;  

(d)  means  (25)  for  scanning  the  printhead  along  a  line  of 

printing  in  a  direction  perpendicular  to  the  direction  of  advance  of  t h e  

record  receiving  member;  and 

(e)  means  (17)  for  raising  and  lowering  the  ink  donor  r ibbon.  






	bibliography
	description
	claims
	drawings

