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Description 

Technical  Field 
This  invention  relates  to  driver  circuits  for 

thermal  printheads  employing  a  ribbon  that  gen-  5 
erates  localized  heat  in  the  ribbon  in  response  to 
electrical  current.  The  localized  heat  then  serves 
to  cause  ink  transfer  to  a  receiving  medium. 
Typically,  the  electrical  signals  are  applied  by 
printhead  electrodes  wiping  across  an  outer  layer  10 
of  the  ribbon  which  is  characterized  by  moderate 
resistively.  These  signals  move  inwardly  to  a 
layer  that  is  highly  conductive  (typically  an 
aluminum  layer)  with  localized  heating  occurring 
in  the  process.  The  electrical  circuit  is  completed  15 
by  an  electrode  connected  to  ground  which 
intersects  the  ribbon.  This  invention  is  directed  to 
an  arrangement  of  sensing  elements  and  control 
circuitry  which  provides  excellent  print  quality 
while  limiting  power  at  the  ribbon  surface.  20 

Background  of  the  Invention 
Resistive  ribbon  printhead  current  control 

systems  are  known  wherein  the  current  applied  to 
the  printing  electrodes  of  the  printhead  is  a  25 
function  of  the  so-called  ribbon  common  voltage, 
that  is,  the  voltage  drop  in  the  signal  return  path 
that  includes  the  aluminum  conductive  layer  of 
the  ribbon.  Such  systems  are  disclosed,  for 
example,  in  the  document  EP  —  A  —  67,969  and  in  30 
the  IBM  Technical  Disclosure  Bulletin,  Vol.  26  No. 
3A,  August  1983  pages  1161  —  1162.  In  such 
systems,  the  ribbon  common  voltage  is  sensed  at 
an  electrical  contact  or  electrode  which  is  spaced 
from  the  printhead.  In  none  of  these  systems  is  35 
the  sensing  element  included  in  the  printhead 
itself,  as  it  is  in  the  printhead  of  the  invention. 

A  printhead  of  the  general  kind  preferred  is 
described  in  EP—  A—  83,419.  That  shows  drive 
electrodes  as  the  only  metal  on  the  printhead.  40 
This  invention  employs  surrounding  metal  as 
electrodes.  The  surrounding  metal  also  functions 
to  stiffen  the  printhead,  which  is  desirable. 

Disclosure  of  the  Invention  45 
This  invention  is  premised  on  the  finding  that  a 

voltage  controlled  system  of  the  kind  described  in 
the  foregoing  document  EP—  A—  67,969  is  signifi- 
cantly  improved  in  function  by  sensing  the  volt- 
age  at  the  printing  area.  Accordingly,  the  essential  so 
feature  of  the  invention  resides  in  incorporating 
into  the  printhead  the  electrode  or  electrodes 
which  sense  the  changes  in  the  ribbon  common 
voltage. 

The  invention  relates  to  a  printhead  and  to  a  55 
printing  system  including  same. 

The  printhead  in  accordance  with  the  invention 
includes  a  plurality  of  printing  electrodes  for 
carrying  driving  current  for  printing,  said  print- 
head  having  integrally  therein  at  least  one  sens-  eo 
ing  electrode  for  sensing  the  voltage  drop  along  a 
resistive  ribbon  being  printed  from  by  said  print- 
ing  electrodes,  between  the  sensing  electrode 
and  a  grounded  element  in  surface  contact  with 
said  ribbon,  said  sensing  electrode  being  65 

separated  from  said  printing  electrodes  and 
having  a  connection  for  an  electrical  control 
circuit  for  setting  the  level  of  drive  current  to  said 
printing  electrodes  so  as  to  apply  the  same 
current  through  each  driven  electrode  regardless 
of  shifts  in  said  voltage  drop. 

The  printing  system  of  the  invention  includes 
the  printhead  defined  above  and  a  differential 
amplifier  whose  positive  input  is  connected  to  the 
said  connection  of  said  sensing  electrode  and  to  a 
a  constant-current  source  supplying  a  current 
having  a  magnitude  sufficient  to  bias  the  interface 
of  the  sensing  electrode  and  the  ribbon  into  a 
region  of  conduction  but  small  enough  not  to 
generate  printing  by  said  electrode,  the  negative 
input  of  said  differential  amplifier  being  con- 
nected  to  a  constant-current  source  and  to  the 
amplified  output  of  said  differential  amplifier,  said 
amplified  output  being  also  connected  in  series 
circuit  with  each  of  said  printing  electrodes 
through  electrode  selection  switch  means  and 
resistor  means  to  drive  said  printing  electrodes 
for  printing  by  said  ribbon. 

Brief  Description  of  Drawings 
The  details  of  this  invention  will  be  described  in 

connection  with  the  accompanying  drawing,  of 
which  Fig.  1  illustrates  the  printhead  with  drive 
electrodes  and  surrounding  metal  employed  as 
sensing  electrodes  and  Fig.  2  is  illustrative  and 
schematic  of  the  printing  system. 

Best  Mode  for  Carrying  Out  the  Invention 
Fig.  1  illustrates  the  actual  metal  layout  of  the 

preferred  printhead.  The  ends  of  forty  metal  wires 
1  function  as  forty  substantially  identical  drive 
electrodes  positioned  in  a  column  to  form  an 
arched  printing  surface  3.  (The  arched  surface  is 
to  conform  with  the  round  platen  surface  against 
which  paper  to  be  printed  upon  is  to  be  mounted, 
as  is  conventional). 

Each  of  forty  wires  1  is  separated  from  adjoin- 
ing  wires  1  and  leads  to  an  individual  terminal  5. 
The  outer  metal  7  encircles  wires  1  and  terminals 
5  except  at  printing  surface  3,  and  is  well  spaced 
from  terminals  5.  That  metal  7  is  relatively  wide  to 
provide  some  shielding  effect  and  structural 
support  to  the  printhead.  At  the  printing  surface  3, 
metal  7  forms  an  extension  7a  on  both  the  top  and 
bottom  of  the  column  of  electrodes  1.  Extensions 
7a  extend  to  the  very  edge  of  surface  3.  Exten- 
sions  7a  have  a  significant  function  as  physical 
stiffeners.  For  purposes  of  this  invention,  exten- 
sions  7a  function  also  as  electrodes  in  the  same 
manner  as  electrodes  1.  In  the  vertical  column 
formed  by  electrodes  1  and  extensions  7a  (see 
Fig.  1),  the  outer  edges  8  (see  Fig.  1  insert)  of 
extensions  7a  are  typically  spaced  the  distance  of 
the  vertical  height  of  at  least  two  to  three  elec- 
trodes  1,  which  assures  that  current  spreading 
from  active  electrodes  1  does  not  effect  voltage  at 
electrodes  7a.  Electrodes  7a  on  each  side  of 
electrodes  1  each  are  of  vertical  height  sub- 
stantially  greater  than  that  of  the  individual  elec- 
trodes  1  to  provide  a  reliable  contact  surface  for 
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fier,  provides  reliable  output  with  negligible  input 
current  on  inputs  25  and  27.  This  facilitates  overall 
circuit  design  and  permits  designs  having  a  wide 
range  of  operability.  It  will  be  apparent,  however, 

5  that  amplifier  systems  having  other  characteris- 
tics  can  function  for  operational  amplifier  24  so 
long  as  additional  current  flow  and  the  like  is 
compensated  for  or  otherwise  taken  into  account 
in  each  circuit  design. 

10  Output  29  drives  the  base  of  bipolar  transistor 
31.  The  emitter  of  transistor  31  is  connected  to 
line  33,  and  the  collector  of  transistor  31  is 
connected  to  operating  voltage  V1,  typically  +38 
volts.  Transistor  31  thus  serves  to  provide  current 

is  isolation  between  output  29  and  line  33,  with  a 
small  voltage  potential  drop  inserted  by  the 
inherent  forward  biased  base-to-emitter  drop  of 
transistor  31.  It  will  be  recognized  that  transistor 
31  is  a  simplified  implementation  of  a  power 

20  amplifier,  for  example,  a  power  field  effect  tran- 
sistor  or  a  Darlington  pair  of  transistors. 

Line  33  is  connected  to  all  of  the  electrodes  1a 
through  1n  by  identical,  individual  resistors  35a, 
35b  through  35n,  each  connected  in  series  circuit 

25  between  line  33  and  one  electrode  1  a,  1  b  through 
1n,  respectively.  Also  in  series  circuit  between 
electrodes  1a,  1b  through  1n,  is  a  switch  37a,  37b 
through  37n,  respectively.  (Switches  37a  through 
37n  are  illustrated  entirely  symbolically  as  such 

30  switches  for  the  purpose  of  selecting  electrodes 
may  be  standard.  In  an  actual  embodiment,  they 
each  include  individual  transistors  or,  more  pre- 
ferably,  a  Darlington  configuration  of  transistors, 
switched  off-and-on  by  a  signal  to  the  base  or  the 

35  equivalent  control  input  to  thereby  open  and 
close  the  path  through  switches  37a  through  37n). 

The  voltage  drop  across  a  switched-on  tran- 
sistor  switch  37a  through  37n  is  small  because  the 
circuit  is  designed  to  operate  the  pertinent  tran- 

40  sistors  in  switches  37a  through  37n  in  saturation. 
To  negate  any  effect  on  intended  circuit  operation 
from  such  a  voltage  drop,  a  switch  37x,  identical 
to  switches  37a  through  37n,  is  connected 
between  lines  33  and  input  27.  Because  switch 

45  37x  is  a  compensating  element  as  will  be 
described,  switch  37x  is  always  closed  and  there- 
fore  is  shown  closed  in  the  drawing. 

Extensions  7a  function  as  sensing  electrodes 
and  are  located  on  each  side  of  drive  electrodes 

so  1a  through  1n.  Electrodes  7a  are  connected 
together  and  directly  to  the  plus  input  25  of 
amplifier  24  by  line  39.  Source  41  is  a  constant- 
current  source  delivering  a  small  current 
(typically  0.5  milliampere)  to  line  39.  This  serves 

55  as  a  current  to  continually  bias  the  interface  of 
electrodes  7a  and  ribbon  20  into  a  region  of 
conduction,  while  the  current  is  small  enough  to 
be  insignificant  with  respect  to  printing.  Failure  of 
this  current  signals  a  complete  lack  of  contact 

60  with  the  ribbon  or  a  break  in  the  ribbon,  as  is 
previously  known.  Source  41  is  illustrated  entirely 
symbolically  as  it  may  be  entirely  conventional. 

V2  is  the  potential  on  line  33.  Source  45  is  an 
adjustable,  constant-current  source  connected  to 

65  reference  input  27,  which  provides  a  current  the 

sensing.  Immediately  next  to  electrodes  1,  elec- 
trodes  7a  have  narrow  parts  closely  similar  in 
shape  to  individual  electrodes  1,  for  the  purpose 
of  having  the  same  stiffness  around  the  outer 
electrodes  1  as  the  stiffness  around  inner  elec- 
trodes  I. 

To  permit  use  of  metal  7  as  electrodes,  ter- 
minals  9  are  provided  central  to  the  printhead 
which  connect  to  metal  7  and  are  located  between 
metal  7  and  the  closest  of  terminals  5.  The 
duplication  of  terminals  9  is  entirely  to  assure 
operation  should  one  fail  or  not  be  contacted, 
since  each  is  sufficient.  Mounting  of  the  element 
of  Fig.  1  for  operation  is  to  a  connection  cable  or 
the  like,  of  which  the  foregoing  EP—  A—  83,419  is 
illustrative. 

Referring  to  Fig.  2,  the  wires  1,  operative  at 
printing  as  electrodes,  are  shown  symbolically, 
with  individual  electrodes  numbered  1a,  1b 
through  1n.  Electrodes  1a  through  1n  have  cur- 
rent  driven  through  them  to  ground  for  printing. 
Specifically,  in  a  resistive  ribbon  embodiment  of 
direct  interest  for  this  best  mode,  electrodes  1a 
through  1n  are  close  together  (specifically,  as 
shown  at  surface  3  in  Fig.  1)  and  in  contact  with  a 
resistive  ribbon  20,  as  is  described  in  the  fore- 
going  EP—  A—  67,969.  Each  electrode  1a  through 
1n  is  metal  having  negligible  resistance  in  this 
context  of  resistive  ribbon  printing.  A  ground 
connection,  which  may  be  a  roller  23,  is  firmly 
pressed  against  the  ribbon  20  on  the  same  side 
contacted  by  electrodes  1a  through  1n.  (Typically, 
roller  23  carrying  ground  is  one  of  two  feed  rollers 
spaced  longitudinally  along  ribbon  20  from  elec- 
trodes  1a  through  1n).  Ribbon  20  from  the  side  is 
shown  illustratively  in  exaggerated  form  in  Fig.  2. 
Ribbon  20  is  a  lamination  of  constant  cross- 
section.  Layer  20a,  farthest  from  the  electrodes,  is 
the  meltable  ink.  A  thin  internal  layer  20b  is  a 
highly  conductive  layer,  typically  aluminum, 
which  facilitates  low-power  conduction  from 
areas  directly  across  from  electrodes  1a  through 
1n  to  ground  roller  23.  An  aluminum  layer  20b 
also  inherently  provides  a  thin,  outer  aluminum 
oxide  surface  which  is  relatively  highly  resistive. 
The  resistive  substrate  20c,  typically  a  carbon 
black  filled  polycarbonate  resin,  is  contacted  by 
electrodes  1a  through  In. 

On  each  side  of  the  column  of  electrodes  1a 
through  1n  are  extensions  7a,  also  functioning  as 
electrodes  and  in  contact  with  substrate  20c. 

Electrodes  1a  through  1n  are  driven  by  oper- 
ational  amplifier  24,  which  functions  as  a  differen- 
tial  amplifier  as  will  be  described.  Amplifier  24 
has  a  control  input  25,  which  is  the  positive  or 
plus  input,  and  a  reference  input  27,  which  is  a 
negative  or  minus  input. 

The  plus  and  minus  input  designations  are 
conventional,  indicating  that  a  rising  signal  on 
control  input  25  is  responded  to  by  amplification 
providing  a  rising  signal  at  the  output  29  of 
amplifier  24.  Conversely,  a  rising  signal  on  ref- 
erence  input  27  is  responded  to  by  amplification 
providing  a  falling  signal  at  output  29. 

Amplifier  24,  as  a  standard  operational  amplf- 
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milliampere  from  source  41  creates  a  voltage 
between  electrodes  7a  and  layer  20b,  but  this  is 
negligible  in  magnitude).  Electrodes  7a  therefore 
measure  the  voltage  from  along  the  length  of  the 

5  ribbon  to  ground.  This  is  often  termed  the 
common  voltage,  Vc.  V2  —  V25  therefore  is  the 
voltage  from  V2  to  the  conductive  layer  20b  across 
ribbon  20. 

Changes  in  V37  change  V2,  but  such  changes  do 
10  not  affect  printing  since  the  voltage  across  closed 

switches  37a  through  37n  changes  substantially 
identically  to  any  change  across  switch  37x  and 
only  the  voltage  across  ribbon  20  controls  printing. 
Accordingly,  change  in  V37  may  be  considered 

15  fully  compensated  and  V37  may  be  considered  a 
constant.  Rearranging  Formula  B:  V2  —  V25  =  Iref  • 
R47  +  V37.  Accordingly,  this  system  applies  a  fixed 
voltage  defined  in  Formula  B  across  each  series 
circuit  of  a  fixed  resistor,  for  example,  resistor  35a, 

20  a  closed  switch,  switch  37a,  an  electrode,  electrode 
1a,  and  across  the  ribbon  20  to  the  ground  return 
path.  The  resistance  and  other  voltage-reductions 
effects  of  the  switch  37a  through  37n  and  the 
electrodes  1a  through  1n  typically  are  not  signifi- 

25  cant  and  are  identical  for  each  path  from  line  33. 
Accordingly,  current  through  each  driven  elecrode 
1a  through  1n  will  typically  vary  that  of  the  others 
only  by  differences  in  voltage  losses  at  the  inter- 
face  between  electrodes  1a  through  1n  and  ribbon 

30  20.  Such  interface  effects  can  be  significant,  since 
they  result  from  imperfect  contact  between  an 
electrode  1a  through  1n  with  the  ribbon,  which 
typically  does  occur  periodically. 

The  voltage  directly  across  the  ribbon,  Va,  is 
35  often  termed  the  through  voltage.  Va  produces  the 

heating  effect  for  printing.  The  voltage  drop  Vc 
along  the  length  of  ribbon  20  to  ground  is  typically 
much  smaller  than  Va.  Typically,  the  ribbon  has  an 
internal  metal  or  other  highly  conductive  layer 

40  20b,  thereby  facilitating  conduction  along  the 
ribbon  to  ground  roller  23  and  keeping  Vc  low. 

Vc  varies  significantly  with  the  number  of  elec- 
trodes  1a  through  1n  driven.  Such  variation  is 
sensed  by  electrodes  7a,  changing  the  input  V25  to 

45  amplifier  24  directly  with  those  changes,  thereby 
changing  V2  on  line  33  the  same  magnitude  and  in 
the  same  sense.  Accordingly,  where  interface 
voltages  are  the  same,  the  same  current  is  applied 
through  each  driven  electrode  1a  through  1n 

so  regardless  of  shifts  in  Vc.  Va  is  a  function  of  the 
electrical  characteristics  across  ribbon  20  and  is 
typically  the  same  throughout  a  specific  ribbon  20. 
Should  a  significantly  poor  contact  develop 
between  one  or  more  electrode  1a  through  1n 

55  being  driven  and  ribbon  20,  the  voltage  from  line 
33  to  conductive  layer  20b  remains  constant. 
Current  through  the  electrode  1a  through  1n 
experiencing  poor  contact  decreases,  thereby 
inherently  avoiding  excessive  currents  which  can 

60  damage  the  ribbon  20  and  the  area  around  the 
printing  surface  3  of  the  printhead. 

The  level  of  V2  and  resistors  35a  through  35n, 
which  are  of  identical  resistivity,  are  selected  to  be 
within  desired  operating  characteristics  of  the 

65  ribbon  20  or  other  medium  driven  by  electrodes  1  a 

same  in  polarity  and  direction  as  that  provided  by 
V2.  Source  45  is  illustrated  entirely  symbolically  as 
such  an  adjustable  current  source  is  known  as  a 
control  for  electrode  printing  and  forms  no  part  of 
this  invention.  Resistor  47  is  connected  in  series 
with  switch  37x  across  input  27  to  line  33. 

The  drawing  is  illustrative  of  a  second  print 
density  control,  a  pulse  width  modulator  system 
46  to  control  the  switches  37a  through  37n.  In  such 
a  system,  each  printing  operation  is  conducted  by 
those  of  switches  37a  through  37n  which  are 
selected  being  rapidly  alternated  between  opened 
and  closed.  To  increase  density,  the  closed  period 
is  lengthened  with  respect  to  the  open  period, 
which  may  be  done  by  standard  pulse  width 
modulation  techniques.  To  reduce  print  density, 
the  open  period  is  lengthened  and  the  closed 
period  is  shortened.  The  advantage  of  density 
control  by  pulse  width  modulation  system  46  is 
that  ribbon  20  is  operated  at  all  density  settings  at 
the  approximate  constant  power  point,  an  advan- 
tage  of  operation  discussed  more  fully  below. 

In  operation,  reference  current  source  45  is  set  at 
a  level  defining  a  level  of  current  to  electrodes  1a 
through  1  n  defining  a  desired  extent  of  printing.  (In 
resistive  ribbon  printing,  increased  current 
normally  increases  heat  created  in  the  ribbon  and 
darkens  printing).  By  ordinary  circuit  laws,  with  a 
fixed  current,  Iref,  from  source  45,  the  potential  at 
reference  input  27,  V27,  is  the  potential  on  line  33, 
V2,  less  Iref  multiplied  by  the  resistance  of  resistor 
47,  R47,  and  the  drop  across  switch  37x,  V37,  i.e. 

V27  =  V2  —  Iref  •  R47  —  V37  (Formula  A). 

Since  V27  is  on  the  minus  input  of  amplifier  24, 
when  it  is  lower  than  the  potential  at  the  control 
input,  V25,  the  voltage  at  output  29  increases 
immediately  by  action  of  amplifier  24.  When  V27  is 
higher  than  V25,  the  signal  on  output  29  imme- 
diately  falls. 

Equilibrium  is  reached  early  in  each  print  oper- 
ation  after  selection  of  electrodes  1a  through  1n  by 
selected  ones  of  switches  37a  through  37n.  At 
equilibrium,  the  potentials  V25  and  V27  are  equal 
since  the  system  of  amplifier  24  combined  with  the 
feedback  signal  through  the  resistor  47  is  a 
differential  amplifier.  Expressed  algebratically: 

V25  =  V27; 

Substituting  from  Formula  A: 

V25  =  V2  —  •  Iref  ■  R47  —  V37; 

Rearranging  algebratically: 

V2  —  V25  —  V37  =  Iref  •  R47  (Formula  B). 

Since  Iref  •  R47  is  a  constant  for  each  density 
setting,  during  printing  at  that  setting,  V2  —  V25  — 
V37  is  a  constant.  Electrodes  7a  carry  V25.  Elec- 
trodes  7a  are  located  electrically  at  the  origin  of 
current  from  electrodes  1a  through  1n  flowing 
from  conductive  layer  20b  to  ground.  (The  0.5 
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series  circuit  with  each  of  said  printing  electrodes 
(1a...  1n)  through  electrode  selection  switch 
means  (37a  ...  37n)  and  resistor  means 
(35a  ...  35n)  to  drive  said  printing  electrodes  for 

5  printing  by  said  ribbon  (20). 

Patentanspriiche 

1.  Typenkopf  mit  einer  Vielzahl  von  Druckelek- 
10  troden  (1a  ...  1n)  zur  Leitung  des  zum  Drucken 

notwendigen  Treiberstroms,  dadurch  gekenn- 
zeichnet,  dalS  im  Typenkopf  mindestens  eine  Sen- 
sorelektrode  (7a)  zum  Abtasten  entlang  eines 
Thermofarbbandes  (20),  Ober  das  die  Druckelek- 

15  troden  (1a  ...  1n)  drucken,  des  Spannungsgefal- 
les  zwischen  der  Sensorelektrode  (7a)  und  eines 
mit  dem  Farbband  (20)  in  Oberflachenkontakt 
befindlichen  Erdungselementes  (23)  integriert  ist, 
wobei  die  Sensorelektrode  (7a)  von  den  Drucke- 

20  lektroden  (1a  ...  1n)  getrennt  ist  und  zur  Einstel- 
lung  der  Starke  des  Treiberstromes  zu  den  Druk- 
kelektroden  (1a...  1n)  AnschluG  (9)  an  einen 
elektrischen  Steuerstromkreis  besitzt,  so  dalS  an 
j'ede  gespeiste  Elektrode  unabhangig  von  Ver- 

25  schiebungen  im  Spannungsgefalle  der  gleiche 
Strom  angelegt  wird. 

2.  Typenkopf  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  beidseitig  der  Druckelektro- 
den  (1a  ...  1n)  jeweils  eine  Sensorelektrode  (7a) 

30  angebracht  ist,  und  daft  Druckelektroden  und 
Sensorelektroden  (7a)  in  einer  Kolonne  ange- 
ordnet  sind. 

3.  Drucksystem  mit  Typenkopf  nach  Anspruch  1 
oder  2  und  Differentialverstarker  (24),  dadurch 

35  gekennzeichnet,  daS  der  positive  Eingang  (25) 
des  Differentialverstarkers  mit  besagtem 
AnschlulS  (9)  der  Sensorelektrode  (7a)  und  einer 
Gleichstromquelle  (41),  die  einen  Strom  liefert, 
der  stark  genung  ist,  um  die  Kontaktflache 

40  zwischen  der  Sensorelektrode  (7a)  und  dem  Farb- 
band  (20)  bis  zur  Leitfahigkeit  vorzuspannen,  aber 
schwach  genug  ist,  um  die  besagte  Elektrode  (7a) 
nicht  zum  Drucken  zu  veranlassen,  verbunden  ist, 
wahrend  der  negative  Eingang  (27)  des  Differenti- 

45  alverstarkers  (24)  mit  einer  Gleichstromquelle  (45) 
und  dem  verstarkten  Ausgang  (V2)  des  Differenti- 
alverstarkers  verbunden  ist,  wobei  der  verstarkte 
Ausgang  (V2)  ferner  mit  jeder  einzelnen  Drucke- 
lektrode  (1a  ...  1n)  iiber  Elektroden-Wahlschalter 

so  (37a  ...  37n)  und  Widerstande  (35a  ...  35n)  rei- 
hengeschaltet  ist,  um  die  Druckelektroden  fur  den 
Druck  uber  das  Farbband  (20)  anzutreiben. 

through  1n  to  achieve  approximate  constant 
power.  These  constant  power  aspects  are  essen- 
tially  identical  to  that  described  in  the  foregoing 
European  application  No.  85100684.2.  Briefly,  the 
magnitude  of  V2  and  resistors  35a  through  35n  is 
selected  to  achieve  the  approximately  constant 
power.  Delivery  of  constant  power  produces 
more  uniform  printing  operation  and  limits  cur- 
rent  flow.  Current  fluctuations  are  reduced,  which 
reduces  arcing  tendencies. 

Each  resistor  35a  through  35n  is  selected  to  be 
equal  to  the  nominal  effective  resistance  into  each 
of  the  electrodes  1a  through  1n.  (The  nominal 
effective  resistance  is,  of  course,  identical  for  all 
the  electrodes  1a  through  1n). 

Each  ribbon  20  has  a  characteristic  curve,  illus- 
trated  in  the  foregoing  European  application 
EP  —  a  —  0,152,793,  of  response  to  Va  which  is 
relatively  slow-changing  at  regions  past  low  cur- 
rents.  The  normal  operation  point  is  selected  to 
be  in  that  slow-changing  region.  Each  resistor  35a 
through  35n  is  selected  to  provide  a  voltage  drop 
the  same  as  the  drop  Va  at  the  nominal  point.  This 
achieves  approximately  constant  power  for  mod- 
erate  changes  in  operation,  as  is  described  in 
detail  and  justified  mathematically  in  the  fore- 
going  European  application  EP—  A—  0,152,793. 

Claims 

1.  A  printhead  of  the  type  including  a  plurality 
of  printing  electrodes  (1  a  ...  1  n)  for  carrying  driv- 
ing  current  for  printing,  said  printhead  having 
integrally  therein  at  least  one  sensing  electrode 
(7a)  for  sensing  the  voltage  drop  along  a  resistive 
ribbon  (20)  being  printed  from  by  said  printing 
electrodes  (1a  ...  1n),  between  the  sensing  elec- 
trode  (7a)  and  a  grounded  element  (23)  in  surface 
contact  with  said  ribbon  (20),  said  sensing  elec- 
trode  (7a)  being  separated  from  said  printing 
electrodes  (1a  ...  1n)  and  having  a  connection  (9) 
for  an  electrical  control  circuit  for  setting  the  level 
of  drive  current  to  said  printing  electrodes 
(1a...  1n)  so  as  to  apply  the  same  current 
through  each  driven  electrode  regardless  of  shifts 
in  said  voltage  drop. 

2.  The  printhead  as  in  claim  1,  characterized  in 
that  it  includes  a  sensing  electrode  (7a)  on  each 
side  of  said  printing  electrodes  (la  ...  1n),  said 
printing  electrodes  and  said  sensing  electrodes 
(7a)  being  in  a  column. 

3.  A  printing  system  including  the  printhead  as 
in  claim  1  or  2,  and  a  differential  amplifier  (24) 
whose  positive  input  (25)  is  connected  to  the  said 
connection  (9)  of  said  sensing  electrode  (7a)  and 
to  a  constant-current  source  (41)  supplying  a 
current  having  a  magnitude  sufficient  to  bias  the 
interface  of  the  sensing  electrode  (7a)  and  the 
ribbon  (20)  into  a  region  of  conduction  but  small 
enough  not  to  generate  printing  by  said  electrode 
(7a),  the  negative  input  (27)  of  said  differential 
amplifier  (24)  being  connected  to  a  constant- 
current  source  (45)  and  to  the  amplified  output 
(V2)  of  said  differential  amplifier  (24),  said 
amplified  output  (V2)  being  also  connected  in 

Revendications 

1.  Une  tete  d'impression  du  type  comprenant 
une  pluralite  d'electrodes  d'impression 
(1a  ...  1n)  pour  I'application  du  courant  de  com- 
mande  d'impression,  ladite  tete  d'impression 
comprenant  solidairement  au  moins  une  elec- 
trode  de  detection  (7a)  pour  detecter  la  chute  de 
tension  le  long  d'un  ruban  resistif  (20)  en  cours 
d'impression  par  lesdites  electrodes  d'impression 
(1a  ...  1n),  entre  I'eiectrode  de  detection  (7a)  et 
un  element  raccorde  a  la  masse  (23)  en  contact  de 
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tive  (25)  est  connectee  a  ladite  connexion  (9)  de 
ladite  electrode  de  detection  (7a)  et  a  une  source 
de  courant  constant  (41)  deiivrant  un  courant 
d'une  grandeur  suffisante  pour  polariser  I'inter- 
face  de  I'electrode  de  detection  (7a)  et  du  ruban 
(20)  dans  une  region  de  conduction  mais  suffi- 
samment  petit  pour  ne  pas  provoquer  I'impres- 
sion  par  ladite  electrode  (7a),  I'entree  negative 
(27)  dudit  amplificateur  differentiel  (24)  etant  con- 
nectee  a  une  source  de  courant  constant  (45)  et  a 
la  sortie  amplifiee  (V2)  dudit  amplificateur  diffe- 
rentiel  (24),  ladite  sortie  amplifiee  (V2)  etant  aussi 
connectee  en  serie  a  chacune  desdites  electrodes 
d'impression  (1a  ...  1n)  au  travers  des  moyens 
de  commutation  de  selection  d'electrodes 
(37a  ...  37n)  et  de  moyens  de  resistance 
(35a  ...  35n)  pour  commander  lesdites  electrodes 
d'impression  pour  I'impression  par  ledit  ruban 
(20). 

surface  avec  ledit  ruban  (20),  ladite  electrode  de 
detection  (7a)  etant  separee  desdites  electrodes 
d'impression  (1a  ...  1n)  et  presentant  une  con- 
nexion  (9)  pour  un  circuit  de  commande  electri- 
que  etablissant  le  niveau  du  courant  de  com- 
mande  auxdites  electrodes  d'impression 
(1a  ...  1n)  de  fagon  a  appliquer  le  meme  courant 
au  travers  de  chaque  electrode  commandee  inde- 
pendamment  des  derives  de  ladite  chute  de  ten- 
sion. 

2.  La  tete  d'impression  selon  la  revendication  1 
caracterisee  en  ce  qu'elle  comprend  une  elec- 
trode  de  detection  (7a)  de  chaque  cote  desdites 
electrodes  d'impression  (1a  ...  In),  lesdites  elec- 
trodes  d'impression  et  lesdites  electrodes  de 
detection  (7a)  etant  en  colonne. 

3.  Un  systeme  d'impression  comprenant  la  tete 
d'impression  selon  la  revendication  1  ou  2  et  un 
amplificateur  differentiel  (24)  dont  I'entree  posi- 
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